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BACKGROUND OF THE | NVENTI ON 1. Field of the Invention

The 1Tnvention relates generally to portable renotely powered
copmmni cation devices and to systenms for powering up.and receiving |
i nformati on from such devices, and nore particularly, to such devices and

5 '  system¥AWMIBnpl oy el ectrostatic coupling. PCT/US96/142T1
Description of the Related Art Renotely powered el ectronic
devices and rel ated systens for powering up and receiving stored
i nformati on fromsuch devices are well known. For 10 exanple, U S.

Pat ent No. 4,818,855, issued to Mongeon et al., entitled,
I dentification System discloses a renotely powered identification device

whi ch derives power froma renote source via one of an electric
field or a magnetic field and which transmts stored information
back to the source via the other of

-2-

REMOTELY POWERED ELECTRONIC TAG AND ASSOCIATED
EXCITER/READER AND RELATED METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention
The invention relates generally to portable remotely powered
communication devices and to systems for powering up and receiving
information from such devices, and more particulariy, to such devices and
5 systems that employ electrostatic coupling.

2. Description of the Related Art

Remotely powered electronic devices and related systems for powering
up and receiving stored information from such devices are well known. For
10 example, U.S. Patent No. 4,818,855, issued to Mongeon et al., entitled,
Identification System, discloses a remotely powered identification device which
derives power from a remote source via one of an electric field or a magnetic

field and which transmits stored information back to the source via the other of



the electric field or magnetic field. Simlarly, U S. Patent No. 5,009, 227,
I ssued to Ceiszler et -al..7—entitled, ProximtyDetecting Apparatus;

di scl oses a renotely powered device which uses el ectronagnetic
coupling to derive power froma renpte source and which uses both
el ect romagnet i woesrdmkectrostatic 5 coupling to transm t p&ipsRa4s[t a
back to the source. In the earlier systens described
above, an el ectromagnetic nmechanismis used to renotely couple the
renote device with either one or both of an exciter system and a
receiver system The exciter generates an excitation signal used 10 to
power up the device. The receiver receives the signal produced by the
renote device. One reason for the use of elé'ronagnetic coupling in prior

devices is that it aealql__ ayg?mta%léggﬂgmrg CI'J%”PME& g%@ﬁ.lcoupl e

power from n ex0| vice via an efectromaghetrc field
rather than via an xssuedtoGuellaetﬂQ&hMedpPrbMtdet&tmgw@pm discioseed | eved

that in order to enplo an 15 rostati c nechanismto coupl e energy
froman exciter to rempielyRowesdd which uses ‘?E’FH‘Q‘E‘ FRMRUDg FO,SeTive POWRN o,

relatively high volgagg W &H&Mﬁ‘dihelectro \c/fqgm okt ability
ST e

to emt higher voltage S|gnals for power up often is by FCC
regul ations 20 coupling to tilmasmit gored|datatbackteghesduccecoupl i ng nmechani sns

i ncluded an oscillator as - part of the exciter circuitry and coil

ant ennas nounted on both the exciter circuitry and a tag or other

article that enbodied thg tfesise sydfeths@estkibed dbdve, (2f electromagnefit fietKRnGs

circuit. For exarrpl e, In one earlier system excl tation circui try 'S
connected to a coi lusehtocsematelygauple mm mtbﬁoypgnhvtbod’napxm

picked up 25 bYoygef ik o QRIcRR ot o butls Reccrils'dl Sighs bl
electronic circuit %h e C|tat|on Sl ghal s energi zee{‘ el ectronic

circuit whi chl@ut onaipowat Gpythedevice cEhe receiver receives the signal produced by the
remote device. One reason for the use of electromagnetic coupling in prior
devices is that it was believed to be more efficient to remotely couple power
from an exciter to a device via an electromagnetic field rather than via an
electrostatic field. Moreover, it was believed that in order to employ an

15 electrostatic mechanism to couple energy from an exciter to a remote device

using a single-plate antenna, relatively high voltage signals were required.
However, the ability to emit higher voltage signals for power up often is limited
by FCC regulations.

20 Earlier electromagnetic coupling mechanisms included an oscillator as
part of the exciter circuitry and coil antennas mounted on both the exciter
circuitry and a tag or other article that embodied the device and contained its
electronic circuit. For example, in one earlier system, excitation circuitry is
connected to a coil antenna which radiates excitation signals that are picked up

25 . by a coil antenna mounted on a tag that contains the electronic circuit. The

excitation signals energize the electronic circuit which automatically produces



- 3- an infonmation carrying signal that is transmtted to the
r eceryer—using —eftectromagneti ¢ Or _erectrostati ¢ couptTmg:
An.ongoi ng objective in the devel opnent of renote conmunication 5
devi ces and associ ated exciter/receivers of the general type describéd

above wobagsfaeen to ninimze cost and size and to irrnr@y@sggflji',f:i ency
of “operation. A problemw th the use of el ectronmagnetic coupling

bet ween a renpte devi ce and either an exciter or a reader has been
the additional conplexity involved in the manuf acture of renote
devices that enploy a coil antenna. For exanple, the 10 spiral |ayout
of a typical coil antenna can be nore diffigcult to produce than the

sinpler layout of an electrostatic antenna which often can be in the form

of a strgj, |§| ?’Eﬁ probl em
expl.ai ned above, hag%ﬂdog%%%ﬁ?ga | e&{o‘iﬁqéggl&gu coupl e
power el ectr ost at i etextromagretic gr elestmstatid caupling. voltage levels. As a

consequence, el ectromagnetic coupling generally has been 15 favored over
el egtrostatic coupling. Thus, there has been a need for a

| ow cost renotely powergibn ﬁomgobecmfm%'MdaﬁﬁhnﬁiSFﬂeﬁﬁté&ﬂmﬁmh
el ectrostatic_coupling both for renote ower up and for the

transni ssi on df i rievicesand gssoeia Mmmofﬂmmaémdesm"bed above
has been to minimize cost and size and to improve efficiency of operation. A

problem with the use of electromagnetic coupling between a remote device and
either an exciter or a reader has been the additional complexity involved in the
manufacture of remote devices that employ a coil antenna. For example, the
10 spiral layout of a typical coil antenna can be more difficult to produce than the
simpler layout of an electrostatic antenna which often can be in the form of 2
straight wire or planar and plate-like. ‘Another problem, explained above, has
been the inability to efficiently couple power electrostatically using acceptable
voltage levels. As a consequence, electromagnetic coupling generally has been
15 favored over electrostatic coupling.

Thus, there has been a need for a low cost remotely powered
communication device that employs electrostatic coupling both for remote
power up and for the transmission of information carrying signals. There aiso

20 has been a need for an improved method and apparatus for coupling
electrostatic power up signals to such a device. The present invention meets
these needs.

SUMMARY OF THE INVENTION

25 ) The present invention provides an improved electrostatically coupled
communication device and associated methods of operation, methods of

manufacture and related exciter/reader systems. In one aspect, the invention




20 has been a need for an inproved nethod and apparatus for coupling
el ectrostatic power up signals to such a device. The present invention

neet s t hese needs. SUMMARY COF THE
| NVENTI ON 25 The present invention provides an inproved ”

el ectrost at i cMQ871d6k3p| ed comuni cation device and a¥§&MISAH W71
mefhods of operation, nethods of manuf acture and rel at ed

exciter/reader systens. In one aspect, the invention

provi des an el ectronic comruni cation device which is powered-up by

el ectrostatic signals. The novel device can be relatively inexpensively
pr oduced since it enploys electrostatic (capacitive) plates for
both data transm ssion and for power-up, and therefore, does not
require a magneti CpMides arbelectronic communicatioriidevice vehich ippoveered-apbyr es and

advant ages of the |nvent|on WI |1 _beco e.a rent fro
fol | owi ng det ai | edeletEastatis sigagls. ofh W@Wﬁcﬁ‘é’f‘gﬁ?wﬁg@ H’E’Eﬁ‘f‘ﬂent s
in conjunction w t g, e eARBE WGt ostaRYcRshRitive) plates for both data transmission and

for power-up, and therefore, does not require a magnetic coil.

These and other features and advantages of the invention will become
more apparent from the following detailed description of presently preferred
embodiments in conjunction with the appended drawings.

>

10 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of an exciter/reader and a remotely
powered communication device in accordance with a presently preferred
embodiment of the invention;

15 Figure 2 is a block diagram of an alternative embodiment of an
exciter/reader and a remotely powered communication device in which the
device has a dedicated data transmission antenna element;

Figures 3A-3B illustrate a test set up used to perform voitage
20 measurements (V), across T1 and T2, in which a T1 terminal was connected to
ground potential and load resistance values (R, ) represented different possible
loads attributable to a different possible integrated circuits connected between
the T1 and T2 terminals;

25 Figure 4A provides a curve which plots voltage across T1 and T2

versus distance away from E1 and E2 over one inch intervals from 1 inch to 8



10 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure I 1S a bl ock @iagram of an exciter/reader and a renotely

power ed communi cation device in accordance with a presently preferred,
enbodi nent of the invention; 15 Figure 2 is a block diagram
of zan al t er nWO9&4d&dodi nent of an exciter/reader amTRusseARyE! Yy
power ed comruni cation device in which the devi ce has a dedi cat ed
data transm ssi on antenna el enent; Fi gures 3A-3B
illustrate a test set up used to performvoltage 20 measurenents (V),
across T1 and T2, in which a Tl term nal was connected to ground
potential and |oad resistance values (R errd) represented different

possi bl e | oads attributable to a different possible integrated
circuits connect eqndhat WeR&: ehdiS ET’ﬁQQ“T ' ' ?%

Fi gure 4A provides %@%urvee\}\.ﬁ%iagﬁ%l ot ssvo tage agtlgr oss TI1 g‘ﬁl&es 3

versus di stance aweshes;rom E1 and E2 over one inch intervals from1 inch to

8

Figure 4B provides the actual voltage measurements plotted in Figure
5 4A;

Figure 5A provides a curve which plots voltage across T1 and T2
versus distance away from E1 and E2 over one inch intervals from 1 inch to 8
inches, where T1 and T2 each'is rectangular and measures 3'inches by 4
10 inches;

Figure 5B provides the actual voltage measurements plotted in Figure
SA;

15 Figure 6A provides a curve which plots voitage across T1 and T2
versus distance away from E1 and E2 over one inch intervals from 1 inch to 8
inches, where T1 and T2 each is rectangular and measures 2 inches by 3

inches;

20 Figure 6B provides the actual voltage measurements plotted in Figure
6A; '

Figure 7A provides a curve which plots voltage across T1 and T2
versus distance away from E1 and E2 over one inch intervals from 1 inch to 8
25 inches, where T1 and T2 each is rectangular and measures 0.5 inches by S

inches;



- 5- I nches, where Tl and T2 each is rectangul ar and neasures 4

I nches by 5 I nches; Fi gure 4B provides the
actual voltage nmeasurenents plotted in Figure 5 4A,

Fi ure SA provides a curve which plots voltage across Tl and T2

versus di stanc¥O3U13 r om E1 and E2 over one inch intervals fRCHESPSH4RRN t o

8 I nches, where Tl and T2 each is rectangul ar and neasures
3'inches by 4 10 i nches; Figure 5B provides the
actual voltage neasurenents plotted in Figure 5A, 15

Fi gure 6A provides a curve which plots voltage across Tl and T2
versus di stance away from E1l and E2 over on& inch intervals from1l inch to

8 i nches, where Tl and T2 each is rectangular and neasures 2 inches
by 3 i nches; Pigure 7B provides the gtwalrveitfds measurenierts plottediini Figre vol t age
measurenents plotted in Figure 6A, Figure 7A

provi des a curve Aeh pl ots voltage across Tl and T2

Figure 8A is a top elevation view showing the layout of a presently
5  preferred embodiment of the remotely powered communication device of
Figure 1;

Figure 8B is a top elevation view showing the layout of an alternative
embodiment of the remotely powered communication device of Figure 1,
10
Figure 8C is a top elevation view showing the layout of a presently
preferred embodiment of the remotely powered communication device of

Figure 2;

15 Figure 8D is a top elevation view showing the layout of an alternative
embodiment of the remotely powered communication device of Figure 1 in
which no substrate is employed;

Figure 8E is a top elevation view showing the layout of an alternative
20 embodiment of the remotely powered communication device of Figure 2 in
which no substrate is employed; '

Figure 9A-9C are side cross-sectional views of the three different

constructions of the devices of Figures 8A-C;
25



versus di stance away from El and E2 over one inch intervals from1l inch to

8 25— Tmches, where T and 12 each iS rectangul ar and neasures 0.5 1 nches
by-5 i nches; Figure 7B provides the
actual voltage neasurenents plotted in Figure TA,

Figure 8A i s wWOMGpId2evati on view show ng the [ayout of a precEHUS$deH427D
preferred enbodi nent of the renotely powered comruni cati on device of

Figure 1; , Figure 8B is a top elevation view show ng the
| ayout of an alternative enbodi mrent of the renptely powered
comuni cati on device of Figure 1; 10 Figure 8Cis a top

el evation view showing the |ayout of a pregently preferred

enbodi ment of the renptely powered comuni cati on device of Fi gure
2; Figure 10 is a top elevation view of an alternative embodiment of a

remotely powered communication device in accordance with the invention
which includes two pairs of antenna elements;

5 Figure 11 is a top elevation view of an alternative embodiment of a
remotely powered communication device in accordance with the invention
which includes four pairs of antenna eiements;

Figures 12A-12B show the device of Figure 8A in two different
10 orientations relative to a portion of an array of exciter elements;

Figure 13 is a simplified top elevation view of a portion of an array of
fixed exciter elements which includes elongated horizontal exciter elements and
elongated vertical elements;

15 '

Figure 14A-14C are simplified top elevation views of three more
alternative configurations of a portion of an array of commutated exciter
elements; Figure 14A shows a horizontal configuration; Figure 14B shows a
diagonal configuration; and Figure 14C shows a vertical configuration;

20

Figure 15 is a simplified top elevation view of yet another alternative
commutated exciter array configuration in which two parallel stripes of exciter
elements are dynamically swept in a circular pattern; and

25 ) Figure 16 is a top elevation view of still another alternative commutated
exciter array configuration in which the array is bounded by sensors which

detect the motion of a communication device across the array.



15 Figure 8D is a top elevation. view show ng the |ayout of an
alternative enbodi nent of the renotely powered comuni cati on device
of .Figure 1 in whi ch no substrate is enpl oyed, )
Figure 8E is a top elevation view showing the |ayout of an alternative 20
enbodi nent of Mot el y power ed conmuni cation device of FRGEUSOSILH

which no substrate is enpl oyed; Fi gure 9A-9C are side
cross-sectional views of the three different constructions of the
devi ces of Figures 8A-C, 25

-7~ Figure 10 is a top elevation view of an alternative
enbodi nent of a renotely powered cgmruni cation device in
accordance with the invention whi ch includes two pairs of antenna

el enent s;

The present invention comprises a novel remotely powered

communication device, an associated exciter/reader system and related
5 methods. The following description is presented to enable any person skilled in

the art to make and use the invention. Descriptions of specific applications are
provided only as examples. Various modifications to the preferred
embodiments will be readily apparent to those skilied in the art, and the general
principles defined herein may be applied to other embodimeits and applications

10 without departing from the spirit and scope of the invention. Thus, the present
invention is not intended to be limited to the embodiments shown, but is to be
accorded the widest scope consistent with the principles and features disclosed

herein,

15 Referring to the illustrative drawings of Figure 1, there is shown a block
diagram of an exciter/reader apparatus 30 and a remotely powered
communication device 32 in accordance with a presently preferred embodiment
of the invention. The exciter portion of the apparatus 30 produces electrostatic
signals that are used to power up the device 32. The reader portion of the

20 apparatus 30 receives electrostatic communication signals produced by the
device 32 once it has been powered up. The device, for example, can serve as
an electronic identification card. In one application, for example, when the
device 32 is placed in close proximity to the exciter/reader apparatus 30, the
exciter sends electrostatic signals that power up the device 32. The device then

25 _automatically transmits an electrostatic signal that carries identifying

information. The reader portion of the apparatus 30 receives the identifying



5 Figure 11 is a top elevation view of an alternative

erpedirent—of a renotety—powered—comnmmumnt cati on device in
aceordance with the invention whi ch includes four pairs of antenna
el ement s; Fi gures 12A-12B show the device of Figure 8A in
two differenw@®714122 ori entations relative to a portion of @CTarsveys 20
exeiter el enents; Figure 13 is a sinplified top el evation
view of a portion of an array of . fixed exciter elenments which

i ncl udes el ongated horizontal exciter elenents and el ongat ed
vertical elenents; 15 Figure 14A-14C are sinplified top

el evation views of three nore alternative configurations of a
portion of an array of conmutated exciter % el enents; Figure 14A
shows a horizontal, configuratjon;, Fiqgure, 14B shows a di_.agonal
configuration; an¥ % Thethes, 1Q, iggersome agtign fych as the opening of 2

Figure 15 is a sigpkddfddee top el evation view of yet another alternative
comut at ed exciter array configuration in which two parallel stripes of
exckter el enents are dynamcally swept in a circular pattern; and

commutated o excriecy PRoondt e spenkS o Ryt an pofflaton . gpiet "' Ve
bounded by s§nsorgendfatesla signal at frequintyF). Thedstilkitords coineted RIEPSWEAL | ON
devi ce across the array. . ] )
amplifier 35 which, in tumn, is connected to the primary coil 36 of an impedance
transformer 37. A secondary coil 38 of the impedance transformer 37 is
connected in paraliel with a capacitor 39. A top terminal of the secondary coil
38 is connected to a first electrostatic exciter antenna plate E1, and a bottom
10 terminal of the secondary coil 38 is connected to a second electrostatic exciter
antenna plate E2. In a present embodiment, the exciter includes a pair of
antenna plates that operate as a balanced out of phase pair. In another
embodiment described below, the exciter includes an array of balanced out of
phase antenna plates. For the sake of simplicity, however, the following
15 description of Figures 1 discusses only two exemplary exciter plates, E1 and
E2. Alternatively, for example, wire antenna exciter elements or a comb-fike

structure may be employed instead of antenna plates, for example.

The reader portion of the apparatus 30 includes a single-piate
20 electrostatic reader antenna piate R1 connected to a receiver 40 which provides
input signals to a detector 41. An I/O processor 42 receives signals from the
detector 41.

A current embodiment of the remotely powered communication device
25 32 includes first and second electrostatic device antenna piates T1 and T2
. which are connected as shown to provide clock A and clock B inputs to a full
wave bridge rectifier 43. Note that T1 and T2 are electrically isolated from



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS ... The
present invention conprises a novel renotely powered conmuni cati on
devi ce, ~an associ ated exciter/reader systemand related 5 nmet hods. The
foll owi ng description is presented to enable any person skilled in

the art to maWO@ %A Ese the invention. Descriptions of speciPFEUSS14271
applications are provi ded only as exanples. Various nodifications
to the preferred enbodi ments will be readily apparent to those
skilled in the art and the general princi ples defined herein maybe
applied to other enbodi nents and applications 10 wi t hout departing from
the spirit and scope of the invention. Thug, the present I nvention
is not intended to be Ilimted to the enbodi ments shown, but is to be

accorded the w des GHRE %E;tﬁ,g@ u’% %ﬁ?e%&'eﬂﬁd'- bfen res

di scl osed #é:?el n. AR ,“for lé’ et erril ngato t he il{elqég%jrat I ve
drawi ngs of Fi gur eindtead dfpises. A edpavitor 44l eoniected across thti Vit amdhopfnmon”

exci ter/reader apparatus and.a jemte ower ed .. 4+ CO ni cation
device 32 in accorﬂﬁﬁ@gsﬂfgﬁ@nﬁ?’e‘ée%%* @W‘éﬁ%&#ﬁm%“w of
the invention. Thedi@f&ﬁigtc%ﬁm%ﬁﬂs.oﬁ'hé&ﬁ:n&?ﬁs'iﬁédﬁﬁe&&tar

dress
el ectrostatic ignals that are used to power up the device 32. The
reader portiof of sigmals¥o a digitabsipragedevice3dread oalyymamary GROM) 46 in & gurrent

commuT et o0, o 912k KSR i e S R alSF ukd® o1
modulator implemented as an exclusive-or gate 47, receives clock signals, at
frequency Fy/n, from the counter 45 and data output from the ROM 46. The
output of modutator circuit (the exclusive-or gate 47) is provided via diode 48

10 and resistor 49 to the clock B line.

While the device 32 of the presently preferred embodiment employs
biphase modulation, virtually any modulation technique can be used consistent
with the invention. For example, PSK, FSK, AM or other modulation schemes

15 can be used as altmatwes Moreover, in the current exnbodxment, the
modulated signal is returned to the clock B input for transmission to the reader
via antenna plate T2. However, as an alternative for example, the modulated
signal could be provided to a separate antenna element (not shown) for
transmission to the reader. An alternate embodiment which includes such a

20 separate data transmission antenna element is discussed below with reference

to Figure 2.

In operation, the oscillator 34 of a presently preferred embodiment
generates a 4 Megahertz signal which is approximately 2-5 volts peak to peak.
25 . The signal is boosted to approximately 20-30 volts peak to peak by the
' amplifier 35. The impedance transformer 37 further boosts the voltage to
approximately 300-400 volts peak to peak. The parallel connected capacitor



an electronic identification card. In one application, for exanple, when

the—— device 32775 praced 71 close proximiy to the exCiter/reader -
apparatus 30, the exciter sends electrostatic signals that power up
the device 32. The device then 25 automatically transmts an '

el ectrostati cWOISIAMMI2t hat carries identifying I nf or neCT/OSY6/1417€
reader portion of the apparatus 30 receives the identifying

-9- signals and determ nes whether to trigger some action such as
t he opening of a | ocked door. The exciter

portion of the apparatus 30 includes an oscillator 34, which 5
generates a signal at frequency F[err]. Thqloscillator IS connected to a
power anplifier 35 which, in turn, 'is connected to the prinary

pedance tr anst or figsfhp anstormet RN Bl perg B AIREHRBE L C000ci tor
39. A top term nal frefuetiey. Theiglstipyovidedito exciter plate EiSvik thed6pteeinalofithe a i r st
secondary coi 135 FEonBRHBIRRA taeduiditd” orememith e dgetipepvided |
antenna plate E2. 4 vof6meSmifdl BFhe Widhdary Bl $860 duiier'plitd #ICThE Pair of
5 exciter plates E1 and E2 produce electrostatic energy, indicated by the arrows,
which is used to power-up the communication device 32. It will be appreciated
that the desired voitage levels of the electric field may depend upon factors
such as the distance over which the exciter is to power-up the device 32.
Additionally, the desired voltaée levels may, for example, depend upon
10 frequency emission requirements of the country in which the exciter will
operate. Moreover, certain operations such as writing data into device memory
may require more power than other operations such as reading information
from device memory.

15 The electrostatic field produced by the exciter elements E1 and E2
excites voitages on antenna elements T1 and T2. The T1 element is connected
to provide the clock A input to the full wave bridge rectifier 43, and the T2
element is connected to provide the clock B input to the rectifier 43, T1 and
T2 are not connected directly to each other. The capacitor 44 filters out

20 exciter pulses from the received power up signals to ensure a pure DC output
of the rectifier. The rectifier provides a V+ DC voltage signal relative to a
"common" terminal of the rectifier 43. It will be appreciated that a pure D.C.
signal is not required. Some ripple in the V+ voltage signal may be acceptable
depending upon the implementation of the device circuitry. The counter 45

25 receives the 4 Megahertz clock B signal and provides a set of address signals
' on fines 50 which are used to address and to set the data rate for the output of
data from the ROM 46. The different signals on the different lines 50 are



antenna plates that operate as a bal anced out _of phase pair. In another
enbodi nent described below, the exciter includes an array of bal anced out

of - phase antenna plates. For the sake of sinplicity, however, the
foll owi ng 15 description of Figures 1 discusses only two _exe Ia'r_)/
exciter plate¥O ¥4y E2. Alternatively, for exanpPET/URP¢W271
antenna exciter elenents or a conb-1like structure may be enpl oyed
i nstead of antenna pl ates, for exanple. The reader
portion of the apparatus 30 includes a single-plate 20 el ectrostatic

reader antenna plate R connected to a receiver 40 which provides
input signals to a detector 41. An |/ O proggssor 42 receives signals from
t he det ector 41. A current enbodi nent of the

romot el y pover ed OB GABNEiepler by Eftiehe il e w81 sccond

el ectrostatic devi tes T1 and whi ch are connected
as shown to provi dienw¥ivbykthoseskilled b al® Thedats rate out d¢fiths ROM is significantiy
bridge rectifier 4%“%?0/;[‘hat Tl and T2 are electrically isolated from

- 10- .

5 It will be understood that although the preferred embodiment uses a 4

Megahertz signal, signals of a different frequency could be used. For example,
a 13.56 Megahertz signal or a 37.5 Megahertz signal could be employed.

The counter also provides on line 51-a 2 Megahertz carrier signal which
10 serves as the clock input (or carrier signal input) to the exclusive-or gate 47.
The data output of the ROM 46 serves as a data input (or modulation signat
input) to the exclusive-or gate 47. The counter, therefore, divides the input
frequency by two to provide a carrier signal and sets the data rate of data
signals output by the ROM 46 that modulate the carrier. The exclusive-or gate
15 47 serves as a biphase modulation circuit, and its cutput is a biphase modulated
signal which is provided via diode 48 and resistor 49 to clock B signal line.
The biphase signal is injected back onto the T2 device element and is
electrostatically transmitted to the receiver portion of the exciter/receiver 30.
The role of the diode 48 and the resistor 49 is to couple modulated signals back
20 to the clock B input. As explained above, there are numerous other
modulation schemes that use different modulation circuits consistent with the
invention. Moreover, as explained below with reference to Figure 2 it can be
advantageous to employ a third antenna element dedicated to data transmission
on a communication device in accordance with the invention.
25
The electrostatic receiver antenna R1 receives the electrostatically

transmitted signals emitted by device antenna element T2, and provides those



each other. Altenatively, for exanple, wire antenna el ements can be used

| Asteat—of—ptates. A—capacrtor—=4 i s cormected across the VFamd—“comor-
termnals of the rectifier 43. The clock B input is also provided to a
frequency di viding counter circuit 45. The counter 45 is connected
to provi de advioewsi11b signals to a digital storage devi eernmsot/eas onl y
merory (ROVM 46 in a current enbodi nent. A nodulator circuit, in
the illustrative enbodi mrent a bi phase nodul at or i nplenmented as an
excl usive-or gate 47, receives clock signals, at frequency
Flerr]/n, fromthe counter 45 and data output fromthe ROM 46. The

out put of nodul ator circuit (the exclusive-or gate 47) is provided via

di ode 48 10 and resistor 49 to the clo?k B line. Whi | e

modul ot on, vi 11 JRFRARAhIRAT BPRT G SRR e sE e a pR eI |
w t'h the inventi Wfﬁ%ﬂﬁﬁﬁe%&%f%ﬂ%%ﬁ&ﬂ%ﬁd on schenes

15 can be used as atives. Modreover, in the current enbodi nent, the

nmodul at ed si gnal bandpass filtering of the signaisbefore providing themap the detactdrisicuindl o t he

reader Vi a. | 2. ver . a alternative. for

exanpl e, the nodu W%&ahiﬁdh&#%ﬁ%‘%r @Fmoﬁamggb%r ate

antenna el engnt (detetros B0 wre)wéllknown circuits whichneed 561 kedei@ibed i degdider . An

al ternate enbodi _rggtnt i CE I ncludes such a 20 separate data transm ssion
i S

antenna el ement in§Te- o5 41 govides the datasignals go the /O processor42yre 2.
I ti , th ; f; | | t
norat o5 a4 MooaRS bRk dipitin fTRDSALS by RE6 R AL HRP R,

generates a 4 l\/e%ahertz si gna ch 1's approx

peak. 25 The fer example; s boosted to approxi mately 20-30 volts peak to
peak by the anplifier 35. The inpedance transformer 37 further
boosts the voltage to approxi mately 300-400 volts peak to peak. The

paral | el cohlhected caThe rassinission of balanced out of phase electrostatic signals via

exciter elements E1 and E2 couples energy to the device 32 via the device
electrostatic antenna elements T1 and T2. When the voltage on exciter element
E1 is at a positive level, for example, the voltage on element E2 is at a negative
level. Conversely, when the voltage on exciter element E1 is at 2 negative

15 level, the voltage on exciter element E2 is at a positive level. The objective is
to have the balanced out of phase voltages on E1 and E2 cause the voltages of
device antenna elements T1 and T2 to produce a balanced out of phase relation
to each other. The desired resuit is to always have a voltage potential
difference between the device clements, T1 and T2, such that a V+ DC supply

20 voltage source can be produced relative to a "common" potential. In essence,
the exciter elements, E1 and E2, are capacitively coupled to the device
elements, T1 and T2. This approach permits power to be more efficiently
coupled using electrostatic energy.

25 . Moreover, because the exciter antenna elements E1 and E2 produce
~electrostatic fields that are balanced and out of phase, these fields often tend to
cancel each other at farther distances, reducing the risk of exceeding FCC or



-11- 39 tunes the transforner circuitry.to make it resonant at

the oscillator frequency. The signal provided to exciter plate El1
via the top term nal of the - secondary coil 38 is balanced and
180[err] out of phase with the signal provided via the bottom

ternminal of tHEOMMary coil 38 to exciter plate E2. The BCTUSIRRY ¢ of
pl ates E1 and E2 produce electrostatic energy, indicated by the arrows,
which is used to power-up the comuni cation device 32. It will be

appreci at ed that the desired voltage levels ofthe electric field
may depend upon fictors such as the distance over which the
exciter is to power-up the device 32. 34- Additionally, the desired
voltage | evels may, for exanple, depend upon 10 frequency em ssion

requi rements of t heykeyehularory Agiey ehiskidfis Enfits, fsiexiihple. As a consequeéndé;the €.
Mor eover, certain operations such as witing data into device nenory

ey require nore pexeiterisignals oftenccanysehigherpower up voltage levelsi ng i nf or mat i on
from devi ce nenory. 15 The electrostatic field produced by the
exciter elenents E1 and E2 excites voltages on antenna elenents T1
and T2. The T1 el ement iIfstesdofasing balanced out of phaseiexcittidn sighals, ainbalancéd i nput

Connect ed 1o ph ovi RCERIEN SEAHAE be 3t o4 9 RKaR B B apsotange Wik e,
T2 are not connect g, Qb Cinl phrticiaf FoFexabipfe! a sihBIE ekdARGH hriténrid ehiehi Sdufd OUt
be employed to produce a periodic electrostatic excitation signal. A remotely
powered communication device, for example, that was powered up by such an
unbalanced signat would inchide a single antenna element with one terminal
10 connected to a clock A input. It is important, however, that such alternative
remotely powered communication device be coupled to an external ground
potential. Note that for balanced signals there is no need for an external
ground connection since a "common” ground is produced using a clock B input
and balanced out of phase signals. In such an alternative embodiment, the
15 single power-up element also could be used to transmit and receive data signals

as well.

It is desirable for the device 32 to consume relatively little power.
Hence, the information carrying signals transmitted by antenna ejement T2 are
20  relatively iow power. The receiver 40 is highly sensitive and capable of
extracting data from the relatively (low power) weak signais transmitted by the

device 32.

Note that T1 and T2 are not required to have half wavelength
25  dimensions of a typical electromagnetically excited two element antenna. The
elements are electrostatically excited, through capacitive coupling, and need

not be resonant as required for electromagnetic coupling. The elements can,



20 exciter pulses fromthe received power up signals to ensure a pure
DCourpur ofthe rectitrer. The rectifier provides a V+ DC voltage
signal relative to a "common” termnal of the rectifier 43. It wll
be appreciated that a pure D.C signal is not required. Sone ripple
in the V+ volW@8#Ihnal may be acceptabl e dependi ndPCIIsA6/ 1438

| npl ementation of the device circuitry. The counter 45 25 receives the 4
Megahertz clock B signal and provides a set of address signals on

| ines 50 which are used to address and to set the data rate for the out put
of data fromthe ROM 46. The different signals on the different
lines 50 are

-12- produced by dividing the 4 I\féaahertz by different values in a

of the ROV i s s gn.th@ﬁ%%b“"ﬁ%%?sé"@ﬁmef Bipaflite (beliohdicf. 121 ¢ O

wi || be under st ooGoliplitig. I penetal) tapdtitive cobpling mmmuw@mm

Megahertz signal, signals of a di ferent couI d be, used. For
exanpl e, and F‘I‘{B‘F cq angenna clemeatsgred oyl d
be enpl oyed. nothaveacharactmstxc:mpedmceasdomomtamennadements. The

5 spacing apart of the exciter anterma elements E1 and E2, however, should be

well matched to the spacing of the device antenna elements T1 and T2 in order
to efficiently couple energy from the exciter to the device.

Referring to the illustrative drawing of Figure 2, there is shown a

10 simplified block diagram of an aiternative embodiment of a communication
device 32" and exciter/reader 30" in accordance with the invention. In virtually
all respects the altemnative device 32" of Figure 2 is identical to the device 32 of
Figure 1 except for the addition of a third antenna element (T3) which is used
solely for data transmission. Referring to both Figures 1 and 2, the internal

15 circuit connections are identical for device 32 and device 32" except that in
device 32", neither T1" nor T2" is connected to receive the output of the data
transmission circuitry, Instead, T1" and T2" are dedicated to receipt of the
electrostatic power-up field that emanates from the exciter elements E1" and
E2". In a current embodiment, T1" and T2" are connected to a bridge circuit

20 43" and to a counter 45", but there is no connection between the clock A" node
or the clock B" node and the output of the data modulation circuitry 47"

The data terminal T3 is disposed in 2 null region between the power-up
terminals T1" and T2". The null position is the place on the device 32" where
25 the power-up fields produced by the exciter elements E1" and E2" substantially
' cancel each other out, and therefore, produce the minimum amount of

interference with data signals transmitted by the device 32". When the device



The counter also provides gn line 51 a 2 Megahertz barrier signal which 10
serves as the clock input (or carrier signal input) to the exclusive-or
gate 47. The. data output of the ROM 46 serves as a data input. (or
nodul ati on sigmgp i nput) to the exclusive-or gate 47. The counter,
therefore, di ViHE8 ¥ e input frequency by two to proYFHUSHMAZH, | er
signal and sets the data rate of data signal s output by the ROM 46
that nodul ate the carrier. The exclusive-or gate 15 47 serves as a

bi phase nodul ation circuit, and its output is a bi phase nodul at ed

signal which is provided via diode 48 and resistor 49 to clock B signa
l'ine. The bi phase signal is injectggd back onto the T2 device

el enent and is el ectrostatically transmtted to the receiver
portion of the exgptRaligmaaitheT1"3fd T2" aligned forl maximirrenefgytpivk-up o 48 and
the resistor 49 is to couple nDduIaged si gnal s .back 20 tQq the clock B

i nput. As expl ai ne¥citenslements FdT and B2, the, Aea fransmissnn clement T3 will geperisaceon

schenes that use dLEfef &%@W nfissiontid th f&ﬂ&"ﬁ&ﬁéﬁk‘i“.th t he
i nvention. Moreover, asﬁ{e%% al ne el ow V\nﬁ%lL rg erence to Figure 2 it can

be advant ageous to enploy a third antenna -el ement dedicated to data
transm ssi on o] C nication device,j,n _acgor.dan Lth the
nventi on. 2% 1t shovid be yndersipor {pt e wEFd FBt PUReMR S he Ay

recei ves the el ectiippiedbint aDbpending upon thé Eifdei¥tanb@&the it&R2 remdt e thdyaipplyy
devi ce antenna el enent T2, angﬂﬁ’r‘gw des those .

to distances from ers to larger ranges. Depending upon factors such as
the voltage level of the electrostatic signais radiated by the exciter, the exciter
and the device may have to be positioned very close to one another in order to

10 power up the device; or it may be that they can be spaced farther apart and still
achieve coupling. The term remote just means that power is coupled over the
air from the exciter to the device. It is believed that, in general, increased
signal frequency and increased antenna plate area tend to increase the distance
over which electrostatic signals can power-up a tag device.

15

The power-up of the integrated circuit device 32 using electrostatic

fields applied over distances such as those achieved in the experiments
described with reference to the tables below, is a surprising resuit. In the past,
electrostatic signals had been used to transmit datz from a tag device to a

20 reader device. In prior electrostatic data transfers, the data transfer signal often
operated at approximately 80% of the power level of the power-up signal used
to power-up the earlier tag device. A typical earlier reader had to be highly
sensitive, achieving approximately 80-110dB gain, in order to extract data from
a carrier signal. In view of the relatively weak electrostatic coupling of data

25 signals in earlier tag devices, it is surprising that electrostatic power-up is
achieved, in accordance with the present invention, over the distances tested

during the experiments.



-13- received signals to the receiver 40 which anplifies the

sigmats—amd—Tay” convert their Trequency to an internmedrate
frequency for further amplification and bandpass filtering of the
signals before providing themto the detector circuit 41 whi ch

detects data wa9riiesd2 by t he recei ved signals. The receiver 4#CTAsdsn4det 5
detector 41 are well known circuits which need not be described in detail
herein. The detector 41 provides the data signals to the I1/O processor 42
‘whi ch produces an output in a format usable by a host conputer (not shown),

for exanpl e. 10 The transm ssion of bal anced out of phase
el ectrostatic signals via exciter jelements E1 and E2 couples
energy to the device 32 via the device el ectrostatic antenna

el enents T1 and T2. W‘*ﬁur{h@ﬁn I ol betw El is at a
posi.tive |l evel, for exanple, i éﬁé@%ﬁtngg'lgﬁ%ﬁﬁg enent |p§that ae?\‘egative
| evel . Conver sel y, anténan eleinenty Tl and)F2.0Thsy Tl and T2 weald appédr to constituze negat i ve
15 | evel , the voltage.on exciter, el.enent E2 is, at si,tive Jeyel. The
objective is  oppositégidesofar onen sirruit, Opposts tepminalh oftbe brissesiut &% £1 ang
E2 cause the volt o, appear to be coftfiéttédRoan bBEH Grcfiit © TRAY, # is's hitat! O

out of]%hase rel ation

produce a bal ance ] . to each other. "The
desired resul § i s powesiupdsachiewedsin acaosdangewith theqmesent invention since theref er ence

bet ween the device elengnts. T1 and.T2. .. t.h a._V+ DC supply 20
vol t age source carfPB&HI% m&%%ﬁeﬁﬁsg“b&‘?ﬁﬁﬁ‘ﬁ“ otential. In

essence, the exciter elenents, El and E2, are capacitively coupled
to the device elements, T1 and T2. This approach pernits power to
be nore efficiently Mompmlba'hma‘aaamm&omosﬁ@pwoﬂh%

ol ot ostati o 11 ol Ly Bk, EAR RRAAREMERFLS ofthe Tbucher B TUERRE | 10 ¢ cn
tend to 10 caxaparitoeplate iDa harde withiri the derice 32 thatois ceupledrtedoth Tibatdhe ri sk
of exceeding FOC Ofy Tpere is no apparent closed circuit, which includes both T1 and T2, and in
which current can fiow to cause the voltage across capacitor 44. Nevertheless,
a sufficient charge build-up across capacitor 44 results from the application of
the electrostatic fields by E1 and E2 to produce supply voltage V+ relative to
15 common substrate ground.

The exemplary test resuits illustrated in Figures 3-7 demonstrate that
electrostatic coupling, in accordance with the invention, can generate sufficient
energy to power-up an integrated circuit device. It will be appreciated that

20 power is proportional to V¥/R,_ Figures 3A-3B show the test set up used to
perform voltage measurements (V) across T1 and T2. The tests were
performed on a tag device in which the T1 terminal was connected to ground
potential. The load resistance values (R, ) represent different possible loads
attributable to a different possible integrated circuits connected between the T1

25 and T2 terminals. Figure 4A provides a curve which plots voltage across T1

' and T2 versus distance away from E1 and E2 over one inch intervals from 1

inch to 8 inches, where T1 and T2 each is rectangular and measures 4 inches



-14- other regulatory agency emssions limts, for exanple. As a
consequence, the exciter signals often can use higher power up
voltage | evel s. | nstead of using bal anced out of phase
excitation signals, unbalanced 5 excitation signals can be used as an
alternative i W&¥4Mance with the i nvention. In par PEEURMYI42Mo;
exanpl e, a single excitation antenna el enent could be enpl oyed to
produce a periodic electrostatic excitation signal. A renotely '
power ed comruni cati on device, for exanple, that was powered up by such an
unbal anced signal would include a single antenna el enent with one term nal
10 connected to a clock Ainput. It is igportant, however, that such
alternative renotely powered communi cati on device be coupled to an
external ground by inchepOTReétablelin FijotesiB providésthe herhial voktabeshapauremetthere i s

no need for an external, _ round connect | sin "co n! _ground
i s produced using WWG&E‘WQ%U&‘W‘“dEﬁ@’B&q&‘H&ﬁﬁ 6%?98‘
signals. In such afb Globidk Skl hi¥TOH T15'ail8 T3othar mdslfd 3 10" x 4P

el enent al so could use transmt and receive data signals
wel | . and 0.5" x 5", respectively. '

as

It is believed that the actual power that can be electrostatically coupled
in accordance with the invention depends upon distance between the tag device
and the exciter, tag device antenna area and signal frequency. An analytical
approximation of device behavior has been derived from the empirical results

10 set forth in Figures 3-7 and the supporting specification. The data in Figures 4-
7 were imported into a commercially available computer program known as
*Mathematica." Two-dimensional curve fitting was performed in order to find
a least squares fit starting with a curve that is similar to the expression for a
parallel plate capacitance (C = eA/d). The selected starting curve was

15 (V/V) =k * (A, * A)" /D°, D°,; where "k" is a constant; "a" is an area
exponent; and "d" is a distance exponent.

A derived equation for voltage coupling between from the exciter to the
communication device is:
20 Vt/Vx = 0.132586((A,*A)™"/D,, where
A, = exciter antenna element area
A, = communication device antenna element area
V, = device voltage
V, = exciter voltage

25 , D,, = distance between device and exciter



It is desirable for the device 32 to consune relatively little power.
Heree—the—+nfor mat i enr—carrymg—stgmatrs—transnitred by ant enma erenent 12
are 20 relatively | ow power. The receiver 40 is highly sensitive and
capabl e of extracting data fromthe relatively (low power) weak

si gnal s transwotszediby t he devi ce 32. PCT/OSY6R427hat T1
and T2 are not required to have half wavel ength 25 di nensi ons of a

typi cal electromagnetically excited two el enent antenna. The

el ements are electrostatically excited, through capacitive coupling, and

need not be resonant as required for electromagnetic coupling. The
el enents can, :

- 15- therefore, be of an arbitrdPy size sufficient for capacitive
(el ectrostatic) _ coupl.ing. Ln geperal. .capacitive coupl.ing

i ncreases with increasEif W °°%PE"5b°mf°<§ FﬁB‘?“éﬁé’&f“gi nal

frequency. In ad%&éwmmﬁmlﬁw%%wy inexpensiv®t have
a characteristic 1 npedance as ‘'do resonant antenna el enents.” The 5
spaci ng apart of nemetelypawered comnmunication devices. sReferring do the illustrativeer . shoul d be
wel | matched to the, paekieda tise dSHiiFa A SHRBor HETREL Brebdmeyd T2 11
5 preferred embodiment of a remote communication device 32 in accordance
with the invention. The device 32 includes a substrate 58, a two element
antenna 60, which includes a first ciement 62 (T1) and a second element 64
(T2), and an integrated circuit (IC) transponder 66. The antenna element 60
and the IC 66 are mounted on the substrate 58. The eatire device 32 can be
10 encapsulated in a protective structure (not shown) such as plastic or other
material. The IC contains the device electronics described above. The first and
second elements 62 (T1) and 64 (T2) comprise a conductive pattern formed on
the substrate. In a current embodiment, the elements 62 and 64 can be
electrically connected to high impedance terminations to pads on the bottom of
15 the IC 66. Since the device 32 operates as a iow current device, high
impedance terminations can be employed. The two element antenna 60 and the
IC 66 can be electrically connected by any of a number of different
mechanisms. For example, portions of the plates may be soldered to IC pads;
or they may be secured to the pads with a conductive adhesive or by wire
20 connections.

Referring to the illustrative drawings of Figure 8B, there is shown an
alternative embodiment of a remote device 32' with an alternate antenna
configuration. The antenna elements 62' and 64' are connected to an integrated

25 circuit 66'. The antenna plates and the IC all are disposed on a substrate 58'.
- The alternative device 32' operates as described with reference to Figure 1.

The antenna elements 62' and 64', however, are disposed such that they are



to efficiently couple energy fromthe exciter to.the device.

Referring to the illustrative drawing of Figure 2, there is shown a 10
sinplified block diagramof an alternative embodi nent of a connunlcatlon
devi ce 32" and exglterlreader 30" in accordance with the invention.
virtually WO 7. respects the alternative device 32" of K 6[??@”271 s

I dentical to the deV|ce 32 of Figure 1 except for the addition of
a third antenna el enment (T3) which is used solely for data

transm ssion. Referring to both Figures 1 and 2, the internal 15 circuit
connections are identical for device 32 and device 32" except that in
device 32" neither T1" nor T2" is connectedywto receive the output of the

dat a transm ssi on circuitry. Instead, T1 and T2" are dedicated to
recei pt of the &ﬁe&r@a&ammqmmmddmuemswromthe
exciter elements El1" c?e E2". |In a current enbodi nent, T1" and T2"

are connected to wmﬁmp&mmdmmmmﬂytmwwmwem@%ut
there is no connec ct ﬁ"ﬁﬁ% . §evideoCk B
node and the out pu%ddq&‘%ﬁ&g\gﬁta nodul at1on circul tr e .é)éftﬁé.'

The data term nal mmpmsﬁmsaﬂummfmdﬁskrdgmmmmm up
termnals TI" and T2", The nul ition is.the place,on the device 32"
where 25 t Re poWﬁM‘EBM H%H%%QH’IP@F el enents El " and
E2" substantially cancel each ot her out, and therefore, produce the

m ni nrum anount of interference with data signals transmtted by the
devi ce 32". \Wen the deAs explained in the following paragraphs, the device 32 (32' or 32") can

be produced relatively inexpensively because of the simple layout and
construction of the antenna eléments 62 and 64. Figures 9A-9C are side cross-

10 sectional drawings of three different constructions of the device of Figure 8A

| (8B or 8C). Referring to all three Figures 9A-9C, the substrate member 58 can
be formed from any suitable material having desired characteristics such as,
strength or flexibility, including paper, electrically insuiating tape, polyester,
polyethylene, polycarbonate, poiypropylene, polypropylene with calcium

15 carbonate (CACO,) filler, plastic, or acetate for example. The antenna
elements 62 and 64 are selected from any suitable conductive material such as
copper, aluminum, silver or conductive ink containing copper, aluminum,
silver, graphite or other conductive fillers for example. The antenna material
can be selected based upon factors such as cost and ease of assembly or

20 construction as well as intended usage. The elements can be produced on the
substrate by any suitable process such as deposition, printing or etching. For
deposition, any process, such as offset printing or roll printing, whereby a layer
of (quasi) conductive material is deposited on the substrate can be used. For
example, photocopying antenna plate patterns on paper or acetate using carbon

25 loaded ink is possible. Also, vapor deposition of antenna patterns on a
substrate is possible. Additionally, for instance, copper antenna elements can

be produced using printed circuit board (PCB) manufacturing techniques.



- 16- 32" is aligned with T1" and T2" aligned for maxi num energy

pick=up—from— —exciter—etrenents EI™ and EZ°, the data transm SSion
element T3 will experience mnimal interference with transm ssions
to the reader elenent R1". 5 It should be understood that the
word "renpt e w@9t/MiIthded to be a relative term Depaai/usgénseon t he
circunstances, the term renote, may apply to di stances from
mllimeters to | arger ranges. Dependi ng upon factors such as t he
vol tage | evel .of the electrostatic signals radiated by the exciter, the
exciter and the device may have to be positioned very close to one
another in order to 10 power up the degl ce; or it may be that they can
be spaced farther apart and sti | ichi eve coupling. The termrenote

j ust neans that wer s cou | ed..ove {Q& gg( er to
t he .devi ce. [ gﬁfféf s Fager F‘cmf’%p'a’gﬁsé%aﬁuchf‘sn%t?lgg Bﬁéoﬂ ST gir?gl
frequency and | NCEMBeAedRtd ippoiitde Ditéing pattéras b fiibstrated. rmﬁe:aﬁﬂ:retmr di stance
over which el ectrostatlc signal s can power-up a tag deyice.

The -power - up of t¥kample; %M@EF‘W@ENF%@P&'@”&EM@E@"@BW

fields applied o ﬁﬂ&g?ﬁ’smgg%ﬁg nts
described with reﬁarence to the ta elow, is a surpr|S|ng resu t. In

t he past, 5 seldcmdtbauthfamoxsmhabsoﬂadlﬂ!nhpm&pdﬁmﬂce&f&hnt data from

a tag device to reader device. In prior electrostatic data
transfers, the da’tea‘ ot3 48N signal often operated at approxi mately
80% of the power |evel of the power-up signal used to power-up the

earlier tag device. A typical earlier reader had to be highly,

sensitive, achievi ng a‘bﬁmthehdtmvsd’o&megapmmmmext ract data

from ac a“‘? mwg Wwﬁ ks € ectrostatic
coupl ing of data S|gn I'n ea erttag devrces, | S surprising

t hat el ectrdet at i elequdstatic aperina elements whmhcalr& sotalikposed oncacsnbsirate: cRefedringt he

pr esent |nvent|on, ver the distan during the
experi nents. ustrative ?’?-'15 SSbeand 8E, there esﬂowr?

communication devices in accordance with the invention, each of which
includes an integrated circuit and electrostatic antenna elements. Neither the
device of Figure 8D nor the device of Figure 8E, however, is mounted on a

15 substrate. The integrated circuit of Figure 8D is the general type described
above in connection with Figure 1 and is coupled to two electrostatic antenna
elements. The integrated circuit of Figure 8E is the general type described
above in connection with Figure 2 and is coupled to three electrostatic antenna
elements. It will be appreciated that a device, like that in Figures 8D or 8E, in

20 which the IC and antenna elements are not disposed on a substrate at the time
of manufacture may, nevertheless, be bonded subseguently to a substrate such
as paper or plastic in order to ensure mechanical stability.

A feature of electrostatic coupling is the use of relatively low currents
25 and relatively high voltages when compared with electromagnetic coupling. An
' advantage of lower currents is that iower conductivity materials can be used for

the device antenna plates. This means that materials that are less costly and/or



-17- Furthernore, there is no_apparent electrical current

pat h bet ween antenna elenents T1 and T2. Thus, T1 and T2 woul d
appear to constitute .opposite sides of an open circuit. Opposite
termnals of the bridge circuit 43, therefore, appear to be

connected to XP8P¥AIL|rcuit. Thus, it is surprising that — BCT/USIHHEIY, - up
I s-achi eved in accordance wth the present invention since there

appears to be an open circuit applied to the bridge circuit.

More specifically, Tl and T2 are connected to opposed nodes of the

bridge circuit 43. Each feeds the sane plate of the capacitor '44. Thus,

the 10 capacitor plate is a node wthinthe device 32 that is coupled
to both T1 and T2. There is no apparent closed circuit, which
includes both T1 agd.Te, apfidtd ifto antenna platedbRércanbeefiployed "Thil €M reBuceause
the voltage across capacitor 44. Neverthel ess, a sufficient charge

bui | d-up across caghacostaf retubtely powersd communinasionsievicesprpdused in accordance ¢ he
el ectrostatic fields .E1 and E2 to produce supply voltage V+ relative to
15 conmon subsm%'ﬂYﬂﬂ%. |

5 The IC 66 may have multiple high impedance terminals or pads 68 that
are electrically connected to the antenna 60. Each of the antenna elements 62
and 64 of the antenna electrically contacts a different pad. The two plates are
kept electrically isolated from each other. In Figure 9A, an anisotropic
conductive adhesive 70 such as approximately 40% conductor filler (goid,

10 silver or copper spheres or perhaps graphite for example) is used for the dual
purposes of securing the IC to the substrate 58 and providing an electrical
connection between the antenna elements 62 and 64 and the IC pads. The
anisotropic conductive adhesive 70 conducting in one direction and
nonconductive in a direction approximately perpendicular to the conduction

15 path. In a present embodiment, it conducts better along paths in which the

' adhesive is subjected to greater pressure. In Figure 9A, the anisotropic
conductive adhesive is cured under greater pressure in the two narrow regions
72 where it is squeezed between the antenna elements 62 and 64 and the IC
pads than in the wider recessed region 74 that separates the two plates between

20 the rest of the IC and the substrate. Hence, there is conduction between each
pad and the respective element adhered to it, but there is little or no conduction
across the recessed region 74. The elements 62 and 64, therefore, are
electricaily isolated from each other. An édvantage of the use of the
anisotropic conductive adhesive 70 is that it need not be applied to the IC pads

25 . or to the antenna plates with precision since its conductivity depends upon
applied pressure. Therefore, it can be easier to manufacture devices using the

anisotropic conductive material because the adhesive can be applied to the



The exenplary test results illustrated in Figures 3-7 denonstrate that
electtostattT coupHg; T accordance Wth the T nvention, can generate
sufficient energy to power-up an integrated circuit device. It will
be appreciated that 20 power is proportional to V[err]/Rerr]. Figures
3A- 3B show t WO pEBi1Set up used to perform vol t age mexmmemnts (V)
across Tl and T2. The tests were performed on a tag device in which
the T1 term nal was connected to ground potential. The | oad

resi stance values (Rlerr]) represent different possible |oads

attributable to a different possible integrated circuits connected between
the T1 25 and T2 termnals. Figure 4A provides a curve which plots

vol tage across T1 and T2 versus distance away from E1 and E2 over

et angut ar an et R 16 o oued e ke il cdiBhIpby 2" T2 cach 1o
- 18- by dvetliifpifgSonto Otber 28dsC Aslofg BtegorsBiiticidhesive thitardfd veal

vol t age neasrents . plotted in Figure 4A. The curves and tables in
Fi gures 5A-5B, 6/Mmosepndetingare cured under osvep pressuii:than the|conduetiveregions,s for Tis

g 1o that ToHRu refif noncemddcyip apd wil ot i it s SRR 1€

el ectrostati 8al | yywoantehsalelements.

In Figure 9B, isotropic conductive adhesive 76 such as is used to secure
the IC to the substrate 58 and to create an electrical connection between the
antenna elements 62 and 64 and the IC pads 68. An isolation material 78 such

10 ©  as solder mask or nonconductive ink or epoxy, is used to electrically isolate
different globs of the isotropic conductive adhesive 76 used to adhere the
different elements 62 and 64 to different pads 68. The isotropic conductive
adhesive conducts equaily well in all directions. It must be applied with care so
that no conductive path is formed between the two electrically isolated antenna

15 plates.

Figure 9C is similar to Figure 9A except that an intermediate layer of
paper or other material 80 is bonded over the antenna piate structure; a layer of
adhesive 82 is applied to the intermediate layer 80; and a peel and stick layer 84

20 is applied over the adhesive layer 82. The device 32 can be adhered or stuck to
an object by peeling off the peel and stick layer 84 and pressing the adhesive
layer 82 against an object to be identified. Thus, an object can be easily
"tagged” with an inexpensive device which can store electronic information
about the object.

25

' The object, for example, can be airline luggage. The tag device may

have passenger identifying information written into its electronic memory



I n accordance with the invention depends upon di stance between the tag

devi ce and the exciter, tag device antenna area and signal
frequency. An anal yti cal approxi mati on of device behavi or has been
derived fromthe enpirical results 10 set forth in Figures 3-7 and the
supporting spd¥@PYH¥1Z on. The data in Figures 4- 7 WRCETUSHeRTIed
into a commercially avail abl e conputer program known as

"Mat hemati ca."” Two-di nensional curve fitting was performed in order to find
a least squares fit starting with a curve that is simlar to the expression

for a paral l el plate capaci tance (C = eA/d). The selected starting
curve was 15 (Merr]/Verr]) =k * (Alepg] * Alerr])” /D[err] Derr],;
where "k" is a constant; "a" is an area exponent; and ' ‘d" is a
di stance exponent .4 nger check-in, Th b ¥RcR W't KL of Bk lufiBh i
coupl i ng between fron%%sse Xxciter to the communi cati on device is:

' Vit / identify itSvaRe. ( Whee thelowheeretrievesthe lugRige; hé peelsoffthe tag
Alerr] = exciter an ﬁ{ma el ement area Ad = comuni cati on
devi ce antenna el y V[err] = device voltage
V[err] = exciter voltage 25 Dl err] = di stance between device and
exciter

5 As explained above, in operation, the two antenna elements 62 (T1) and

64 (T2) must be at different voltages in order to power up the device 32.
Specifically, electrostatic coupling for power up requires that a voltage
differential (between V+ supply and "common") be set up within the device. In
a present embodiment, the voltage differential is established across the two

10 elements 62 and 64 by the balanced out of phase power up signals produced by
the exciter. The two antenna elements are connected to a rectifier circuit, a full
bridge rectifier in the presently preferred embodiment. A DC voltage is
produced between V+ and common. In essence, V+ serves as VDD voltage
supply, and common serves as substrate ground for the integrated circuit of the

15 current embodiment.

Referring to the illustrative drawings of Figure 10, there is shown a first
alternative embodiment of a remote communication device 190 in accordance
with the invention. The device includes two pairs of antenna elements 192 and

20 194 disposed on a substrate 196 and coxmected.to an IC 198 as shown.
Referring to Figure 11, there is shown a second alternative embodiment of a
remote communication device 200. The device includes four pairs of antenna
elements 202-208 disposed on a substrate 210 and connected to an IC 212 as
shown.

25

The manufacture of the devices 190 and 200 can be similar to that of
the devices of Figures 9A-C. However, the presence of additional antennas



-19- The use of electrostatic coupling both for device
powerup amd—for gdevite transnission permis the production or
si apl e and rel atively inexpensive renotely powered communi cation
devices. Refering to the illustrative drawi ng of Figure 8A, there

I s shown a t OWOSMB4K2i on view of a presently 5 pr ef er r qeCTR0$6Ads3TENt Of
a renote communi cation device 32 in accordance with the invention.
The device 32 includes a substrate 58, a two el enent ant enna 60,

whi ch includes a first elenent 62 (T1) and a second el enent 64

(T2), and an integrated circuit (1C) transponder 66. The antenna el ement 60
and the IC 66 are nounted on the subsrate 58. The entire device 32 can be

10 encapsul ated in a protective struct@e (not shown) such as plastic or
ot her matrial,. . The 1 C contains the device el ectroni ¢s descri bed
above. The first mdeswtmpmwgw W‘BQ"?"FI‘?W&M TSt onpri se a

conducti ve patter&@ﬁﬁﬂbﬂﬁwﬁaﬁﬁoﬁhﬁeﬁﬂ%ﬁfﬁﬁuﬁﬂo& ﬁsﬁiﬂﬁ@ﬂ%ﬁgﬁﬁ%ct ed to

enbodi nent, the eleppnts 62 and 64 can pe el ectrica
hi gh i npedance t eadditionalidevice antenpas; gs explained below, the extitation patterhef ar” 66. Si nce

torm nati ons. can 158 ShERByLHA B e kRl Ry b sormancn B 1 c
erm nations can ;

66 can be el gctrigrediesy likelihosd sfpdwieyusofa femote devideégandless of ki@ Antenna

mechani snms. For exanpl.e, portions of the plates nay be soldered to I C pads;

or they may be s&¥I¥F@HOR-0 t he pads with a conductive adhesive or by wire 20
connecti ons. Referring to the illustrative draw ngs of
Figure 8B, there is shown an alternative enbodi nrent of a renote
device 32 with an al t defenting tartheiliustrative drawings ofiFignses 32A end 17B)eh@8iscnna

el ements 62' and §4' are, conpected tqg.an_integrated 25 ' _circuit 66'. The
antenna plates a °Y”H§’°|‘6“Sf$fa’ﬁfgﬂﬁFgﬁd§é‘a°6ﬁ%ﬂmwm The
al ter nati velaevi @ﬂ'omﬁmmzsdw&mw:wbﬁmr&&w@ﬁ gure 1.
The antenna el enents 62' and 64, however, are disposed such that they are

apparatus 30. In each of Figures 7A and 7B, the antenna array portion includes

a first exciter element 88 (E1) and a second exciter element 90 (E2). The

exciter elements 88 (E1) and 90 (E2) have balanced out of phase power up

signals applied to them as described above. It should be appreciated that the

15 following discussion applies to the embodiment of Figures 8B and 8C as well.

In Figure 12A, the device 32 has its two antenna elements 62 (T1) and
64 (T2) oriented so that one of the two elements, element 62 (T1), is electro-
statically coupled to the exciter element 88 (E1), and the other antenna element
20 64 (T2) is electrostatically coupled to the second exciter element 90 (E2).
Since remote electrostatic coupling is, in essence, capacitive coupling the
antenna element 62 (T1) should be positioned opposite (over) the first exciter
element 88 (E1) in order for the first exciter element 88 to electrostatically
couple its voltage to the element 62 (T1). This positioning is represented in
25 Figure 7A by the curved arrows. Similarly, the device antenna element 64 (T2)
" should be positioned opposite (over) the second exciter element 90 (E2) to |
electrostarically couple its voltage to element 64 (T2). It will be appreciated,



- 20- mexi mal |y spaced apart. That is, their elongated dinensions
are suybstantially “parallel to each other and perpendicular te an
axts that extends between them and intersects the IC. An advantage
of this increased spacing of the device antenna plates is a
reduction of tWOAYE2 of destructive interference between 5 PCT/USIS3] s
emanati ng from bal anced out of phase exciter plates. As
explained in the foll ow ng paragraphs, the device 32 (32' or 32") can

be produced rel atively inexpensively because of the sinple |ayout and
construction of the antenna elenments 62 and 64. Figures 9A-9C are side
cross- 10 sectional draw ngs of three dijgferent constructions of the
device of Figure 8A (8B or 8C). Referring to all three Figures

9A-9C, the SUbStr%&gﬁ@Eﬁiﬁgﬂ%}tage ; : agstﬁeéﬂqﬁew@gbﬁgmsgyﬁgbl e

mat eri al having desired characteristics suc , i strength or
flexibility, incl ualidéd (Fapthat iséhpostant. CEliclvpltages oh deviegelements 62andGdkis er |,

pol yet hyl ene, pol ycarbon ol vpropvl.epe, | epe Wi.th calcium 15
car bonat e (CACJ er $ ™% #@’”Rfﬂ'é@f@;{d%ﬁ&ﬁ%%gyg g%%%% t enna
el ements 62 and 64gl@nént 68 isleiwe Thixs, iz Aovyessentiil Aot exanrpie) tiat oheofthé two al  such

as copper, alum num silver or conductive ink containing copper,
al um num 5 WW@!@%&BH’F?@"BF‘%VIPEW"E‘%YER!’GG%\FB"‘?‘PIE’@F@H%?”“é(;)anpl e.

The antenna materi t ' ch as
T e et LBk power up to v, PERNGAE! Rl A2 Bbvd MafladaiBh Qs
' terms of exciter element 88 (E1) being coupled to device element 62 (T1) and
exciter element 90 (E2) being coupled to device element 64 (T2), the inyemion
also works with exciter element 88 (E1) coupled to device element 64 (T2) and

10 with exciter elemexit 90 (E2) coupled to device element 62 (T1).

In Figure 12B, the device 32 is shown oriented relative to the portion of
the antenna array 85 such that power up will not be successful. Both of the
device elements 62 (T1) and 64 (T2) are opposite (over) the same exciter

15 clement 90 (E2). As a consequence, a voltage differential is unlikely to be set
up between the two elements 62 (T1) and 64 (T2), and power up is unlikely.
Similarly, power up would be impossible if both device elements 62 and 64
were disposed opposite (over) the other exciter clement 88 (E1) or if both
device elements were positioned equally opposite (over) each of the exciter

20 elements 88 (E1) and 90 (E2). Thus, a challenge in achieving sufficient
electrostatic coupling between the device 32 and the exciter/receiver apparatus
30 is to achieve appropriate orientation and positioning of the device elements
62 (T1) and 64 (T2) and the exciter array elements 88 (E1) and 90 (E2). Itis,
therefore, important that shape, dimensions and spacing between device

25 .antenna elements be appropriately matched to the shape dimensions and
spacing of the balanced exciter elements. It is not necessary, however, that

device antenna element dimensions be the same as exciter element dimensions.



20 construction as well as intended usage. The el enents can be produced

on—tte substrate by any suit abi @ process such as depositron,

priknting or etching. For deposition, any process, such as offset
printing or roll printing, whereby a |ayer of (quasi) conductive
material is dWPOIN42 on the substrate can be used. For PCT/US9sadM e,
phet ocopyi ng antenna plate patterns on paper or acetate using carbon 25

| oaded ink is possible. Also, vapor deposition of antenna patterns on a
substrate is possible. Additionally, for instance, copper antenna el enents
can be produced using printed circuit board (PCB) manufacturing

t echni ques. -21-
There are nunerous etching processes such &5 et ched copper, for instance,

t hat can TR ﬂﬁpﬁ;
Furthernore, for ?Sr glee eﬁ-ﬂH ant enna pgtterns magmbe C om | ar ger
sheets of conduct mdmimdemmtsmhmdstmﬂewmrsadhhnSMO t he

substrates. The pr.od ctlon rret hod can b el e ted ased gn factors
such as cost, dur Eampthay mm@smpefﬁl@ya m@nﬁ“&%e.
As anot her al tern ﬂ&nﬁi&%%@mt&nﬁ%[mlﬁﬁtﬂsg %\m&mc
accordance with the |nP/eent|on may conprise an 1nt egra?ed Ci rcwt pl us
5 trajectory of a device as it passes over an array of exciter elements. As
explained below, the required device antenna orientation relative to an array of
exciter elements, for example, can be achieved dynamically by electronically
changing the relative positioning of the balanced out of phase exciter elements

88 and 90 within the antenna array 86. '

10
In order to achieve the required orientation of device elements and

exciter elements, an exciter antenna array in accordance with the invention may
comprise either a fixed array or a commutating array of exciter elements. Ina
fixed array, the relative phasing of voltage signals applied to different exciter

15 elements is fixed. That is, if two exciter elements have a balanced out of phase
relation with each other, then that relationship is fixed. In a commutating
array, the phase relationships of voltage signals applied to different exciter
elements can change. In a commutating array, for example, a controlier (not
shown) determines the phase relation of the excitation of different antenna

20 elements. For instance, as explained below, in one configuration two adjacent
elements may be in a balanced out of phase relationship. Howéver, at a later
time, those two elements may operate in phase with each other. In either the
fixed or the commutating case, however, the spacing between exciter elements
is matched to the spacing betwzen the device antenna elements of a remote

25 communication device. This spacing ensures maximum electrostatic coupling

of power from the exciter to the remote device.



10 el ectrostati c antenna el enents whi ch are net—di sposed on a substrate.

Referring to the illustrative drawing of Figures 8D and 8E, there
are shown comuni cati on devices in accordance with the invention,
each of ~which includes an integrated circuit and el eg i
antenna el errenwtos.w 4ulzt her the device of Figure SD no%%ﬁ%ggg\ﬁ’ce of
Fi gure 8E, however, is nounted on a 15 substrate. The integrated circuit
of Figure 8D is the general type described above in connection with
Figure 1 and is coupled to two el ectrostatic antenna el ements. The
integrated circuit of Figure 8E is the general type described above

in connection with Figure 2 and is coupled®0o three el ectrostatic antenna

el enent s.
8E, in 20

substrate at the tin% 100 in accordice WAt th@ mvetitRn Tte aRSY R0 HGhRS 2 gréifp dfonded
subsequently to a substrate such

It will
whi

be a Vi C

i ated { hat i k
ch t el he EREFRAVS AFIRgS o FIgHER 13 shie & fred qvcitor S, o

as paper or plastic in order

hat i.n Figures 8D or

to

ensure mechani cal eiangbietl hosizontal exciter antenna elements 102 and agroup of elpagatedst at i ¢

coupling is the u
vol tages when co

i s A R s 10

of | ower currents dofindcheditoleithies the’top @ eliel boktos temtindl ofthe sécdfddrs coib 88l f or

t he device antenna plates. This neans that materjials that are |ess costly

and/ or

10

15

20

25

imilarly, each of the vertical exciter elements is connected to either the topyor_
the bottom terminal of the secondary coil 38. The horizontal exciter elements
on either side of any given horizontal exciter element have a balanced out of
phase voltage relationship to the given horizontal exciter element. Likewise,
the vertical exciter elements on either side of any given vertical exciter element
have a balanced out of phase voltage relationship to the given vertical exciter
element. For example, if horizontal exciter elements 106 and 108 are
connected to the top of the secondary coil, then exciter elements 110 and 112
are connected to the bottom of the secondary coil. Further, for example, if
vertical exciter elements 114 and 116 connected to the top of the secondary
coil, then vertical exciter elements 118 and 120 are connected to the bottom of
the secondary coil. In a presently preferred embodiment, the spacing between
adjacent horizontal exciter elements and between adjacent vertical exciter
elements is approximately the same as the spacing between the remotely

powered communication device elements.

In operation, a first communication device 32-1 is oriented so that its
antenna elements will be opposite adjacent horizontal exciter elements as it
moved across the face of the antenna array 100 in the direction of the
horizontal arrow. Hence, the first device will be oriented for maximal power
;:oupling with the horizontal exciter elements as it horizontally crosses the

group of horizontal elements 102. A second device 32-2 is oriented so that its



easier to fabricate into antenna plates often can be enpl oyed. This can

r eggee—————— t he coest—of—renotety powered—TomMMUNi cati on devictes produced
i n-accordance with the invention. 5 ' The I C 66 may
have nul tiple high inpedance term nals or pads 68 that are
electricall ywonansated to the antenna 60. Each of the ant enrgTalsesers 62
and 64 of the antenna electrically contacts a different pad. The two pl ates
are kept electrically isolated fromeach other. In Figure 9A, an
ani sotropic conductive adhesive 70 such is approxinmately 40%
conductor filler (gold, 10 silver or copper spheres or perhaps graphite
for exanple) is used for the dual agourposes of securing the ICto
the substrate 58 and providing an el ectrical connecti on between the

antenna el enents c%ﬂenﬁﬁ th ?Eag%.ad{@ t vertical Txm&p- eRRlehRRE &
conducti ve adhespg‘é . con uctglll n{gglmlﬂne(6 e irject&} gn an .
nonconduct i ve i nnmves acenss itherfacemnftheantenne aryaypH)0rie tiki dinettion afshe verticabnduct i on
15 path. In a present gl'r‘TbOdi t., [Ehl conduct? better, al on ths in

whi ch t he hadms, ‘1’&"‘@&#@8? he prisnied for maximal power gure 9A,

the anisotropic M&&ev«ﬁ&ﬂ%&d@%\&%%d&%&ﬁy&%&éﬁﬁé%@&%ﬁkﬁr pressure

in the two narrow regi ons ere It 1s squeezed between the

ant enna el erfent selementsd9464 and the I1C pads than in the w der
recessed region 74 that separates the two plates between 20 the rest of
the IC and the substrate. Hence, there is conduction between each

pad and the respectiv¥hetrmawings ofFijredd répresent orldyik pordon of a arger tatrhginor no

conducti on .across the recessed regi 74. The e]enments 62 and 64,
therefore, are th%t{meﬁ@m H?“P%épig’é‘g{l% Sm'%ﬁmg’l““ advant age
of the use of t hgxciter elementsG¥ichiik'a® Bhdiwrt ISR ihtéRaR WHRA o W@viéd33-3 orhat it

need not be applied to the | C pads 25 or to the antenna plates with

preci si on sitnce 324 isdispnsed foy mayimabprsvet cougling, the device willpowerup pikssur e.
2ni ot ropi ¢ condiARTERBrRkid TR ARG bbubaE oL BRIE U a0, (o (e
ensure that at some point as device is moved across the exciter antenna array,
the device will have sufficient power coupled to it to power up and become
operational.
15
Referring to the illustrative drawings of Figures 14A-14C, there are
shown three different configurations of a single portion of a commutated
antenna array 124 in accordance with a current embodiment of the invention.
Over the course of three time intervals, the array 124 is switched from the
20 horizonal configuration in Figure 14A, to the diagonal configuration in Figure
14B, and finally, to the vertical configuration in Figure 14C. The array consists
of a plurality of identically shaped (square in the current embodiment) exciter
plates that are arranged in symmetrical rows and columns as shown.

25 ., Inthe horizontal configuration shown in Figure 14A, all of the exciter
" elements in a given horizontal row share the same voitage phase, and the

exciter elements in rows adjacent to the given row all share a balanced out of



- 23- active side of an IC or onto the substrate wi thout .fhe

concern about over | apping onto other areas. As |ong as regions

of the adhesive that areto be nonconducting are cured under | ower
pressure than the conductive regions, they will renmain
nonconduct i ngWAMA$kIR| not interfere with the isolation of tRET/USH/M2TI (g
antenna el enents. In Figure 9B, isotropic conductive
adhesive 76 such as is used to secure the 1Cto the substrate 58
and to create an electrical connection between the ant enna

el ements 62 and 64 and the I C pads 68. An isolation material 78 such 10
as sol der mask or nonconductive ink or epo¥y, is used to electrically

i sol ate different globs of the isotropic conductive adhesive 76
used to adhere t hphase voltage relaticnship émthe giveneow.s That is; tae exciterelementsinent pads

68. The i t [ ti A dhesi duct | | i [ 1
o7 eattone T £ P etz 18 are ip bylancef GG phise TEREMT R fidBlugk e |0 °
path is formed be&f&%&:ﬂ&tiﬂﬁoﬂﬂ%iﬂ@ﬂhlhﬂﬂﬂoﬁkﬁﬂﬂ%ﬁ?ﬂﬁoﬁ?&e pl at es.

Figure 9Cis simlar to Figure 9A except that an internedi ate |ayer of

paper or other maanmy ialopéoallycopfigureditokpuplepaerento acammynication devigrci2ire; a
ayer O i 1 afER phbePhe e bl Bfkckth b ok ERF G | @ver 80; and 2

In the diagonal configuration shown in Figure 14B, each exciter
element in a given row is in a balanced out of phase voltage relation with
adjacent exciter elements on either side of it in the same row and with adjacent

10 exciter elements above and below it in the same column  Conversely, each
exciter element in a given column is in a balanced out of phase relation with
exciter elements above and below it in the same column and with adjacent
exciter elements on either side of it in the same row. That is, for example,
exciter element 134 is in a balanced out of phase voltage, relation with exciter

15 elements 136 and 138 on either side of it in the same row and with exciter
elements 140 and 142 above and below it in the same column. In the diagonal
configuration, the array is optimally configured to couple powerto a -
communication device 32 moving diagonally across the array, such as in the
direction of the diagonal arrow.

20 '

In the vertical configuration shown in Figure 14C, all of the exciter
elements in a given vertical column share the same voltage phase, and the
exciter elements in columns adjacent to the given column all share a balanced
and out of phase relationship relative to the voltage of the given column. That

25 is, the exciter elements in columns 144 and 146 are in a balanced out of phase
relation with the exciter plates in columns 148 and 150. In the vertical

configuration, the array is optimally configured to couple power to a



20 is appl s o the adhesive |l ayer 82. The device 32 can be adhered

Oor—sSTucK 10 _ aimob] ect by peeling off the peel and stick layer 84
and pressing the adhesive . | ayer 82 agai nst an object to be
identified. Thus, an object can be easily "tagged” with an

i nexpensi ve Q9 #41hi ch can store electronic informati on PCT/USI6/ad2But t he
objrect. 25 _ The object, for exanple, can be airline |uggage.
The tag device may ' have passenger identifying information witten
into its electronic nenory

- 24- - during passenger check-in. The device is stuck to the side of
t he luggage to identify its owner..,Wen the owner retrieves t he

| uggage, he peels off the tag and di scards it. As

expl ai ned above, aflbh BBicel 43 mbrh w&egxg}ﬁm&ﬁe&% (GF e and

64 (T2) nust be a erent vol tag n or power e device 32.
Specifically, el eirh-licil;im\vc coupl i ng for power up requires that a voltage
differential (between V+ supply and "common") be set up within the device.
In - a present embodi ment, the voltage differential is established

~across the two Figure 15 illustrates yet another altemative technique for energizing an
5 array of exciter elements. Rather than step through a sequence of horizontal,
diagonal and vertical stripes of plates as shown in Figures 14A-14C, a pair of
appropriately spaced balanced out of phase stripes 202 and 204 (of individual
elements), is swept in a circular pattern across the exciter element array as
indicated by the arrows. At some point during the sweep, the ‘antenna elements
10 of a remote device (not shown) disposed sufficiently close to the exciter are
likely to be suitably aligned for power up. More specifically, in Figure 15,
there is shown a portion of an array 200 of exciter elements. The individual
exciter elements of the array 200 are energized such that a pluraiity of
individual exciter elements that comprise the two stripes (shaded) 202 and 204
15 are in phase with each other but out of phase with other individual (unshaded)
exciter elements. The orientation of the two stripes changes with time, but
they remain parallel to each other. Thus, for example, in Figure 15 the stripes
202 and 204 are shown vertically oriented. At other times they will be
horizontally oriented, and at still other times they will be diagonaily oriented.
20 While a pair of balanced out of phase stripes rotating in a circular motion is

shown, it will be appreciated that other dynamically changing exciter element

patterns and movements can be practiced consistent with the invention.

The illustrative drawing of Figure 16 depicts yet another approach to
25 energizing an array of exciter elements in accordance with the invention. In the
embodiment of Figure 16, the exciter antenna elements are arranged in an array

of rows and columns. An array of sensors, such as optical sensors, are



10 el ements 62 and 64 by the bal anced out of phase power up signals

produced by the exciter. The two antenna el enents are connected to
a rectifier circuit, a full . bridge rectifier in the presently
preferred enbodi nent. A DC voltage is produced between V+ and
comon. | n es¥h¥2L serves as VDD vol t age suppl y, PERASeGHATIN
serves as substrate ground for the integrated circuit of the 15 current
enbodi nment . Referring to the illustrative draw ngs of
Figure 10, there is shown a first alternative enbodi nent of a
renmot e communi cati on device 190 in accordance with the invention.
The device includes two pairs of antenna elenents 192 and 20 194

di sposed on a substrate 196 and connected 1o an |1 C 198 as shown.
remt e communi cat POk shol e efpiey W@ at PRk il e B M0 D
el ements 202-208 semsquederictthe presenbs anddirectidnlofanation off 8 eohmanicationndeice,212 as
Ty “Fo that_opchsdevied R0, bl S Bt "
presence of addit ké?:@&l detéttiGh BfRotion, an array controller (not shown) selects an '
5 excitation configuration for the array which is likely to couple energy most

efficiently to the device as the device passes across the face of the array. For

example, depending upon the detected motion of the device, the optimal array

configuration may be a horizontal configuration as illustrated in Figure 14A, a

diagonal configuration as illustrated in Figure 14B, or a vertical configuration

10 as illustrated in Figure 14C.

While particular embodiments of the invention have been described in
detail herein, it will be appreciated that various modifications can be made to
the preferred embodiment without departing from the scope of the invention.

15 Thus, the foregoing description is not intended to limit the invention which is
defined in the appended claims.



- 25- provides greater opportunities for the renote device to -

al+gi—wtf—tHe—exci ter pl ates—as WTT De appreciated fromtne
fQlkl owi ng di scussion. As an alternative to addi tional device
antennas, as explai ned below, the excitation pattern of an array

of exciter plwbemagn be systematically vaned in order to predwseesidimn 5
greatest likelihood of power up of a renote device regardl ess of device
ant enna orientation. Referring to the
illustrative drawi ngs of Figures 12A and 12B, there is shown t he
device 32 of Figure 3Ain two different orientations relative to a 10
portion of an antenna array 86 that can be enpl oyed by the exciter/reader
apparatus 30. In each of Figures 7A and 7B, the antenna array portion

i ncl udes a first exciter el enent %8 (E1l) and a second exciter
el ement 90 (E2). The exciter elenents 88 (El) and 90 (E2) have
bal anced out of phase power up signals applied to them as

descri bed above WHATSI® QLANMEBpES:eci ated that the 15 foll owi ng

di scussion applies to the enbodi nent of Figures 8B and 8C as wel .

In Figure 12A, the device 32 has its two antenna elenments 62 (T1) and

64 (T2) oriented, so Aheitaiécorhunibaioh devied, Edfiptisthg: €l ement 62 (T1), is

el ectro- statically coupled to the exciter elenment 88 (El), and
the other antenna el ement 20 64 (T2) is electrostatically coupled to
t he second e3<C| ter e} fREALcndSatidcahlenna elem Since renote electrostatic
coupling is, in essence, capacitive coupﬂ ng the ant enna el enent
62 (T1) shoul d be positioned opposite (over) the first exciter

el ement 88 (El) in order [ e.first exciter elenment 88 to
el ectrostatically m"‘{& %m@%ﬂo the elenment 62 (T1). This

positioning is represented |n 25 Figure 7A by t he curved arrows.
Simlarly, the device a_nt e eI eny 6 uI d e positioned
opposite (over) the SERUHH FFB‘FP @M‘s@%’“ : sdSodd

el ectrost aémal M%Mt@%ﬁwﬁegwwa%ﬁmﬁ}s&wwe
appreci ate
PP antenna elements from an electrostatic field in a vicinity of the first and second
antenna elements.

2. The device of claim 1, further comprising a substrate member, and wherein
15 thecircuitry is an integrated circuit which is secured to the substrate, and the
antenna elements are formed on the substrate such that they are electrically isolated

from each other.

—_—
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- 26- of course, _that it is the voltage differential between the
two el.enments 62 (TIl) : and 64 (T2) that is inportant. The voltages on
device elenents 62 and 64 is dynam c. Wen the voltage on device

el enment 62 iséﬁ#?&‘“{ he vol tage on device el enent 64Pb§/dggg2i4éﬁggfs

It iIs not ess or exanple, that one ofthe two 5 devic

62-or 64 be at any particular voltage, such as ground potential,

for power up to work. Furthernore, while the above expl anation speaks in
terms of exciter elenent 88 (El) being coupled to device elenment 62 (T1)
and exciter elenment 90 (E2) being coupled to device el ement 64
(T2), the invention also works with exciter elenent 88 (E1) coupl ed
to device el ement 64 (T2) and 10 with esciter elenment 90 (E2) coupled to
device elenent 62 (T1). In Figure 12B, the device 32 is
shown ori ented relative to the portion of the antenna array 86 such

t hat power up w u%ﬁ :liigﬁ deV| ce el enents
62 (T1) and 64 ( 2) a 8‘”3%’2 0S| Lii{i: ver@‘%e S Excit er el enent 90
(E2). As a consequence a vol tage di fferentlal |s unli ker to be set
up between the two e nts 62 T d. power I s unlikely.
Simlarly, power V\%)gl‘i %&@mé ggf%ke@@] E‘gﬂ%’l“’é’ﬁéﬁ'ﬁ%z and 64
wer e di sposed opa&ﬁé,k.e (over) the other exciter elenment 88 (ElI) or if both
devi ce el enensts wer e positioned equally opposite (over) each of the exciter
an integrated circuit electrically interconnected with the first antenna element

and the second antenna element; whmmthcmtegmed circuit mcludesapower-up

circuit which is electrically coupledto the first and second antenna elements and

which derives operating power through the first and second antenna elements from

10 electrostatic energy received by the first and second antenna elements;

a memory in which information is stored; and

a signal generation circuit which is powered by the power-up circuit and
15  which generates a carrier signal modulated with information stored in the memory.

4. The device of claim 3, wherein the signal generation circuit is electrically
coupled to one of the first and second antenna elements.

20 s. The device of claim 3, further comprising a third antenna element electrically
coupled to the sig:ial generation circuit so as to transmit signals produced by the

generation circuit.

* c L M ) *



20 el emrent's 88 (E1) and 90 (E2). Thus, a challenge in achieving

S bf-eert—— —el-eetrostatt+e—coupHng—tetrwee t1e devi ce 32 and—the
exeiter/receiver apparatus 30 is to achieve appropriate orientation .
and positioning of the device elenments 62 (T1) and 64 (T2) and the
exciter arrawedgidpiazts 88 (E1) and 90 (E2). It is, POeURR145T

| nportant that shape, dinensions and spaci ng between device 25 ant enna
el enents be appropriately nmatched to the shape di nensions and

spaci ng of the bal anced exciter elenents. It is not necessary, however,

t hat devi ce antenna el enent di nensions be the sanme as exciter

el enent di nensi ons.

-27- For exanple, an alternative_enbodi mrent (not shown) m ght
enpl oy el ongat ed thin device anté&fna el enents excited by w der
exciter elenments. It has been found that exciter elenent sizes and
shapes may depend, not only upon the size and shape of renote

devi ce ant enna 6l enshinethod fr priducing p pomable idenitificarion dedice, comprisingthe ory of a
device as it p&;@gsfover an array of exciter elenents. As expl ai ned
bel ow, the req 88%devi ce antenna orientation relative to an array of
exciter elenents, for exanple, can be achieved dynam cally by

el ectronically .changing the relative positioning of the bal anced
out of phase excit ePTRYidipg#f elecirically insulating Fubsteats membern ¢ he ant enna array
86. 5

placing on the substrate member first and second electrostatic antenna
elements which are electrically isolated from each other; .

securing an integrated circuit, which includes first and second terminals, to
10 the substrate member; and

electrically coupling the first and second terminals to the first and second

clements.

15 7. A method for imparting power to a portable communication device having a
first and second electrostatic antenna element coupled to circuitry which derives
operating power through the first and second antenna elements from an electrostatic
field in a vicinity of the first and second antenna elements, comprising the steps of:

20 providing first and second electrostatic exciter elements;

generatiﬂg a balanced out-of-phase electrostatic signal on the first and

“second exciter elements:

25 aligning and positioning the antenna elements of the communication device
close enough to the exciter elements such that sufficient electrostatic energy is
transmitted from the exciter elements to the antenna elements to the circuitry so as to

power up the circuitry.

R ) ) I!l!. |



10 In order to achieve the requi.red orientation of device

el enents and exciter elenents, an exciter antenna array in
aceordance with the invention may conprise either a fixed array or
a commutating array of exciter elenents. In a fixed array, the

rel ati ve phasM™®?’8#1%0l t age signals applied to different excPFEUSIH42TI
elements is fixed. That is, iftwo exciter elenents have a bal anced out of
phase relation with each other, then that relationship is fixed. In
a conmut ati ng array, the phase relationships of voltage signals
applied to different exciter el ements can change. In a comutating
array, for exanple, a controller (not shown) determ nes the phase
relation of the excitation of different amgsenna 20 el ements. For

I nstance, as explained below, in one configuration two adjacent

el ements may be in a bal anced out of phase rel ationship. However, at a

| at er tige, those t 0 ' | ith each
other. In eitherér‘?he 5yS m%F%QE%%ca§m®%&%l§§QWOmver, t he
spaci ng bet ween enahiiri¢atioh ¢videtiaving a first and secoml elderdstitic anfeanselatentgnbet ween
t he device antenna el enent,s .of ,a_renote 25 W&&ggmni %gnicg'g device., This

spaci ng ensures Wﬁmrﬁr@ﬁbﬂw&ﬂ@% ng t he

exciter to the I £ PSR- %iﬂ:lﬁ@elecnicang{coupledtoﬂ;eanwnnaelcmemsanddeﬁving _

- 28- he illustrative drawi ngs of Figure 13 shows a fixed

exciter ant erfha operating power through the electrostatic energy received by the antenna elements, a
memory in which information is stored, and a signal generation circuit powered by

the power-up circuit and which generates a carrier signal modulated with

information stored in the memory, comprising:

10 an exciter circuit which produces respective first and second out-of-phase
excitation signals for powering up the device;

first and second electrostatic exciter elements which are respectively coupled
to the first and second excitation signals for transmitting signals to the device;
15 _
an electrostatic receiver antenna element which receives the modulated
carrier signal transmitted by the device; and

a receiver circuit coupled to receive the signal from the receiver antenna

20 element.

T



array 100 in accordance with the invention. The array 100 includes a group

of - etongat ed—horitzontat—exci t er—antenna el enents 102 and a group of
el ongat ed vertical exciter elenments 104. Each of the horizontal
exciter elements is 5 connected to either the top or the bottom

term nal of weesmarndary coil 38. Simlarly, each ®CTwmsesaseriti cal
exeiter elenents is connected to either the top or the bottom

term nal of the secondary coil 38. The horizontal exciter elenents

on either side of any given horizontal exciter elenent have a bal anced out
of phase voltage relationship to the given horzontal exciter

el ement. Likew se, 10 the vertical exciter elenents on either side of
any given vertical exciter elenent , have a bal anced out of phase
voltage relationship to the given vertical exciter el ement. For
exanple, if horizontal exciter elenents 106 and 108 are connect ed
to the top of the secondary coil, then exciter elenents 110 and 112

are connected t 8- t heAls¥eem far gpmmuypicating Sritha Reriable remately pawered t o1 exanpl e, i f

15 vertical gXfin : %&Jz@mﬁf%&ﬁ-ﬁmaﬁ &f the
secondary cgﬁﬁnﬁ?ﬁgﬁ%%ﬁééﬁﬁexmter elenments 1 an 3%20 are
connect ed t o t hintdgratedmincuif electrically intértonneatesiwitinthe anerina elements apd inglading y
preferred enbodi nent, the.spacing bet n adj acent, hori zont al
exciter el enent §p%%‘3"1?é’frﬁé‘é L &P WﬂW&ﬁJ@%mmvmg el enents is
appr oxi mat ely/ t bgeraingpoder thivagisthe eletigostutit eiegy jebsivedbythednrend clementsaer ed

conmmuni cati on device elenments. . . . In operation, a fjrst
conmuni cati on JB$MEE isvhich wiogpationissiored, and 4 signgl generation circyjp, ement s
will be opposntm@w&%&@w&&b&b&m&aﬂﬁmﬁmmwm moved
across the face of the ‘antenna array 100 in the direction of the 25

hori zont al ar r oinformatierestoredin the memorye¢oroprisME | be oriented for maxi mal
power coupling with the horizontal exciter elenments as it

hori zontally crosses the group of horizontal elenents 102. A second

devi ce 32-2 @s ori enareskciter cirbuit whitls produces respective first and second out-of-phase
excitation signals for powering up the device;

an antenna array which includes multiple respective electrostatic exciter
antenna element pairs in which, for a respective pair, a respective first exciter
15 antenna element is coupled to receive the first excitation signal produced by the
exciter circuit and to transmit the first excitation signal to the device, and a
respective second exciter antenna element of such respective pair is coupled to
receive the second excitation signal produced by the exciter circuit and to transmit
the second excitation signal to the device;
20
an electrostatic receiver antenna element which receives the modulated

carrier signal ransmitted by the device; and

a receiver circuit coupled to receive the signal from the receiver antenna

25 element

* [ L L} s *



-29- device antenna elenments wll be opposite adjacent vertical
exciter elenents as it o noves across the face of the antenna array
100 in the directiaon of the vertical arrow. Thus, the second.
device will be oriented for maxi mal power coupling with the
vertical exci wo9ri4eements as it vertically crosses the group rofT/osséndzeal 5
el enrents 104. The draw ngs of Figure 13 represent only a
portion of a larger array in whi ch there are nunerous groups, 102
and 104, of horizontal and vertical exciter elenents oriented as
shown. During intervals when a device 32-1 or 10 32-2 is disposed for
maxi mal power coupling, the device will power up and transmt
information. The illustrated grouping of exgiter elenents seeks to

ensure that at some point as device is noved across the exciter antenna
array, the device will have sufficient power coupled to it to
power up and becone operational . 15 . . Referring'to
the illustrative dtawihgests forrepumunicating witha portale gommunication devicehaying 2t hr ee

di ff erent confi 9uscalanRsoRd eiferiisfifid fufith lefHRnOin e QA dlecrricall
antenna array 124 in accordgnces%ﬁia curren!? eﬁlg I ment g? t ce y|,nvention.
Over the course dhtetconrestediwith thevantenna elements andhinclaging 2 power-upadicuihed from t he
20 hori zonal gconfigurati L E 4 t he di agonal [.guration
"N Figure <idcafl o gtefi e A e rlA Bop FORRRY e
14C. The arrag cORétlsétfostatic energy reéeivedVyWlicdntdnyia Elemérnls; Bbmpiddingy Shaped
(square in the current enbodi nent) exciter i

an exciter circuit which produces respective first and second out-of-phase

excitation signals for powering up the communication device;

10 an antenna array which includes multiple respective electrostatic exciter

antenna elements arranged in rows and columns; and

a control circuit which éltcmatively,
(A) connects exciter antenna elements in a given column to receive
15 one of the first and second excitation signals and connects exciter antenna clements
in columns adjacent to such giveh column to receive the other of the first and
second excitation signals; or |
(B) connects exciter antenna elements in a given row to receive one
of the first and second excitation signals and connects exciter antenna elements in
20 rows adjacent to such given row to receive the other of the first and second
excitation signals.

A



pl ates that are arranged in symetrical rows and col unms as shown. 25

| Ahe—her+zent al conf+guratiom—shown T Frgure I4A" all of the exciter
elements in a given horizontal row share the sane vol tage phase, and the
exciter elenments in rows adjacent to the given row all share a bal anced out

of WO 97/14112 PCTAS06/14271
phase voltage relationship to the given row. That is, the exciter elenents
in rows 126 and 128 are in bal anced out of phase relation with the
vol tage of the exciter el emants | /2 130 and 132. In the

hori zontal configuration, the ;} optimally configured to
coupl e power to a conmmuni cati on device 32 5 novi ng across the array in
the direction of the horizontal arrow. I n the diagonal
configuration shown in Figure 14B, each exciter el enent in a given

rowis in a bal ancg‘d ouf_of "phasé vol fage relatiom wth— = = 7 adj acent
exciter elenents o eit side of it in the sane row and with jadj acent 10

exciter elenments ab§yve bel ow |t in the sane col um. Converjel y, each
' rel ation

exciter elenment in a £l cpllhrm £S in a bal anced out of phas
with IS - |
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exciter elenments above and below it in the sane colum and with adjacent
exetter—etenents on erther srde of it Tn the sane row. That is, for

exanpl e, exciter elenment 134 is in a bal anced out of phase voltage,
relation with exciter 15 el ements 136 and 138 on either side of it in
the same rowwanaf/mMizh exciter el ements 140 and 142 BEHVYEYAMTIbel ow
it=in the sane colum. In the diagonal configuration, the array is
optimally configured to couple power to a communi cati on devi ce 32
novi ng di agonal ly across the array, suchéés! t he direction of the
di agonal arrow. 20 In th 4/ i cal configuration shown in
Figure 14C, all of the exciter el enments in a given vertical colum
share the sane vol tage phase, and the exciter elenments in colums
adj acent to the_givel es8l+Hr—at —shar e~ a~bet anced— — — —and put of phase
rel ationship reEatiszg the voltage of the given colum. That 25 IS,
the exciter elemgnts colums 144 and 146 are in a bal anced out of phase
relation with the exdﬁﬂer_ghates i+ col urms 148 and 150. In thé vertical
configuration, the opti |y configured t@&couple power to a

-31- conmu at f onzdevi cp 32 novi ng acroé? the array in the
direction of the g ' |
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vertical arrow. Fi gure 15 illustrates yet another
alt+-efpatve—t-echni que—for—enrergtzing an—>5 array of excrre'r—ere'rm'm'r
Rat her than step through a sequence of horizontal, di agonal and
vertical stripes of plates as shown in Figures 14A- 14C, a pair of

appropri at el wepstat bal anced out of phase snipes 202 and 2G@¢TNe6/14271

i ndi vi dual el ments), is swept in a circular pattern across the
exciter elenment array as indicated by the arrows. At sonme point
during the sweep, the antenna el ements ﬁb/73 of a renpte device (not shown)
di sposed sufficiently close to the exciter are likely to be

suitably aligned for power up. Mire specifically, in Figure 15,
there is shown a portion of an array 200 of exciter elenents. The
i ndi vi dual exciter elenments of the array 200 are energi zed such
that a plurality of i ndi vidual exciter elenents that conprise the
two stripes (shaded) 202 and 204 1 5 are in phase with each other but
out of phase with other individual unshadedzj exciter elenments. The
orientation of the~t2vdNGH MQEeGORPﬁ& 58S FOR tGROUNDe, but they remain
paral l el t . ~vixeann A—Fhgure 15 the stripes
202 and 204 are shovbn ver . her t8 JMGH they will be
hori zontal Ify ori ent gd, ang Tti meq [t he£OM WIThe di agonal |y

y out dff pApfs 6ARACITQRes rotating in

oriented. 40 Will e a
a circular [notion i9
dynam cal 'y ¢iegTeR nd excit
practiced qonsistentf with t
drawi ng of }|Figure 14 depictld yet anot
array of ejciter eldnents iﬁ accordan Hé i nventi on.
enbodi nent |of Figurgq 16, t exmter tenn gnents are arranged in an
array Ol Tows and c Iurms. arraytf- ensors, such as optical

sensors, are SHIELDED BOX
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- 32- di sposed about the periphery of the array of exciter antenna
el ements—Tfthe— —sensors—detect thepresence and di rectTomof~TotTonmT

of ;a conmmuni cati on devi ce, such as device "A" (horizontal),
"B"(diagonal) or "C'" (vertical). In response to sensor detecfion of
notion, an arw®sraernrol |l er (not shown) selects an 5 expdiotdeAizT1

configuration for the array which is likely to coupl e energy nost
efficiently to the device as the device passes across the face of the

array. For exanpl e, depending yp gt he detected notion of the
device, the opglypal array confiﬁation may be a horizontal
configuration ayjillustrated in Figure 14A a di ggonal
configuration illustrated in Figure 14B or a verti cala%nf Lguration 10
as illustrated I'—;lgure 14C.' ' Whj | e partitulfar
enbodi nent s of t.he I nvention have heen escrl'bed I h dgtail herejn,
it wll be ap igted that variou m)dllflcatllo Ly be nbtde IR I
t he preferred o |rrenth|thput departing fro he scope of tliakd wwendif on.
. .
15 - Thus, e foregoing desgript ion i not n'ped to mit the
I nvention V\:hl S , deFrnedllnt eaprf| df cl ai ns?
&‘ I I [ f '\4
i | | |
| t | I —r~ RNQQ&
] | i | M~y
I ] I l
| ! ! l
| | 1 ]
Ll ! r 1o '
S | f I e
°}l I | |
g:l | } |
I | I |
X1 r [ |
! | | | u
| | r | i
pacl. I I |
| | f | s
n, } r r =
| | I I —
=3 r r r =
I l I | / P
* | | r | / a
I l I ! =3
o ! ! | ! Y]
+i I t l | SUR<E
i ] } ! |
gl | | 1/ i
8: : : f ;
— ] o
o! ' ' ; i :::.‘3‘8,,,
l | | r ! M s S
I l ! !
l ! l |
| I 4 | i
l ,,;:',7""7f. ' , P e
L ol | : ReNsgl
' ! l | B0 < =
! ! ] |
" i i
3 3 = 4 %2,
- =
o =
— E o
=4 O S
SIS
I OoYh




33 VWHAT IS CLAIMED | S: 1. A portabl e conmmuni cation
dev+-ee—eenpri si fag: —5— a fTTst electrostatic antenna el enent;
a second el ectrostatic antenna el enent; and circuitry. whi ch
Is coupled to the first antenna el enent and to the second 1 0 ant enna
el enent and wbisghdmd2ri ves operati ng power through the firstPGHESE4TAd
antenna elenents froman electrostatic field in a vicinity of the first and

second antenna el enents. The device of claim1. further
conprising a substrate nenber, and whéhIg 15 the circuitry is an
I nt egr at eggi rcuit which is secured to the substrate, angd the ant enna
el enments are forimed on the substrate such that they are ctrically
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from each ot her.

34 3~ A portabte—comuni catTom device, conpri sing:

a first electrostatic antenna el ement and a second el ectrostatic antenna
elenment; 5 an integrated circuit electrically interconnected
with the firsoemsenna el enent and t he second ant enna pelrAseeIi4271
wherein the integrated circuit includes a power-up circuit which is
electrically coupled to the first and second antenna el enents and

whi ch derives operating power through W;;’gi rst and second antenna el ements

from1l O ectrostatic energy received by the first and second antenna
el enents; a nmenory in which information imstored; and
b | ' | ' ' AR —
| ] | | ] %
d I | ] | |
(b ! ! | | ! .
e - N ™~ <
! I | | | X o TN
\ l | { ! ! ~s S
I | ] ! |
1 | | i l N
I I { | |
| | ; ! | §*
| i | |
| | | | @ 0
| | | ! X N—S 8=
§: | ! | S22LRoim
21 ! I 1 '
N
| I | !
X | ! !
i | | |
wnl l | !
= ! | | <
S 1 | | ¥
gl | | | :
o | | I -
I | I I 4
" =
: ! ! ! 5
I I | =2
= o
[
S0 =
—nc
* | | 1 Y. S
| | I -~
EI i i /
NI | !
| | I 7 /1
-+ ! ! |
] | I |
o™~ O3 O
=3 l ! l S N N s =
w3 | i I O W0 N
E' i | SN ONOVY N
(s}
S ! !
| | ] |
! 1 | ! i
I -— O
, ! ! ! SR<n8
' ' [~ —O O
| ! l | 1 <t <<=
| ! I i |
I | ] ] !
I i i i I
IYss = = < =4 < 2
'_U’_ x
£ DS «Co
-—_Nc‘x!o:
-— oo




a signal

5 —/wWnTch generates acarrrer signal
The device of claim3, wherein the signa

coupled to one of the first” and

t he nenory.

generation circuit
second ant enna el enents.
conpri si ng a WBRid4ddt enna el enent electrically
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35 6. A nmet hod for producing a portable identification device,
corprtstng—the StEeps of ) providing an electrically
i nsul ati ng substrate nenber; 5 placing on the substrate
menber first and second el ectrostatic antenna el ements which are

el ectrical |l y woolradiezl from each ot her; S ec IRATVIZF96/M271

integrated circuit,
substrate nenber
second termnals to the first a
igoar ting §bver to a

S
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bnnal el enent §,

nmet hod for
first and
derives
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irs
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and

ostatic

which includes first and second termnals, to 1 0 the

el ctrlcally coupllng the first and
el enments. 7. A

n e haV|ng a
d;(ﬁVC|rCU|try whi ch
jecond ant enna

ity of the first and
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second exciter elenents; 25 al i gning and positioning the
anrt-erra—eterent s of—he—ecommmicat i on deviTE cl ose enough t0 the
exeiter elements such that sufficient electrostatic energy is _
transmitted fromthe exciter elenents to the anterna elenents to the’
circuitry soweot/fiiz power up the circuitry. PCT/US96/14271

36- 8. A system for comrunicating with a portable renotely

power ed comuni cati on device having,a first and second el ectrostatic
antenna el enent, an I nt egrated ciéﬂé el ectrically interconnected
with the antenna el enents and i ncl udi ng a power-up circuit
electrically coupl ed tQSdeV:nt enna el enents and deriving 5 operating

power through the electrost\tic energy7Z@ecep¢ed by t$& antenna el enents, a
menmory in which information *s stored, ayd a signal deneratiaon circuit
power ed by
nodul ated with

tDe power-up circuit an

i ch genefates a car%ger si gnal

[as aYaA VA comrisi
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10 an exciter circuit which produces respective first and second

out-0f—phase— exe+Htat+en—si gnats—for—powertTTg—up t he WEVICE,

first and second electrostatic exciter elenments which are respectlvely

coupl ed to the first and second excitation signals for transmtting
signal s to twesdasnge; 15 an el ectrostatic remaI/USH/163TE enNna
el enment which receives the nodul ated carrier signal transmtted by
t he device; and a receiver circuit coupled to receive the
signal fromthe receiver antenna 2 0 éOeﬁb&t.

37

//r A—202 ‘*\_’//’200
205 w | FIe.11
AN

NN _ L
/ > N // 2 04
{ / /
204
210
206
208 N~202. '
62 64, )
\ TAG e 32
, |
Ce) .
| T
{ \ { \ .
BI-DIRECTIONAL TAG MOTION 62
ELECTROSTATIC COUPLING FOR OPTIONAL
VL COUPLING
\ / \ N
x/ ' 64
86 | 12
) S—
TAG MOTION
190 PROVIDING
POOR COUPLING
é ¥ ™\
£l E2
. J; y "86
88—
FFIG.172A4 | | —4—90
3 £2
N / 4

88—



9.

A system for comrunicatng with a portable renotely powered

cammunication-devi ce—havtag—a—first

el_ement, an

antenna el enents and i ncl udi ng

coupl ed to tweoemmdienna el enents and deriving 5

the el ectrostatic energy received by the antenna el ements,
in which information is stored,

ggubt and
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F st and seco

and—Second el ectrostatic antenna
integrated circuit electrically interconnected wi,th the
a power-up circuit electrical

operat i ng"%‘J@P’l‘myough

a
ation circuit power ed by
signal nodul ated with
an exciter

ogr'qs:phaiéégi

menory

ex0|tat|on als for ng he devi ce; ant enna
array whic |ngTUﬁes nultlplé respective el ectrostatic exciter
antenna el enent pai f§{}i n nﬂlch for a respective QH[ a respective first
exciter 1 5 ant en a el ¢gnent i s coupled to recei e e first excitation
si gnal produced by —> to transmt the first
excitation signal t he {dvi ce, and a resged@bve second exciter
antenna el enent of h 1 } + to receive the
second excitation si alig oduced by the exciter gingsit and to transmt
t he second excitati Si to the device; 20 an
el ectrostatic receiver a f ves the nodul at ed
carrier signal transmitt¢d2by the device; and 108 a receiver
circuit coupled to recei ye—the—-stanar—fromthe—eeei ver antenna 2 5
el enent .
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38 10. A systen1for connunlcatlng with a portable comunication
devt-ce—hav-rg—a —=—+st—and second—EreCITOSTati ¢ ant enna el enent, an
integrated circuit electrically . interconnected with the antenna
elements and including a power-up circuit electrically coupled to

t he antenna weymiate and deriving operating power through PBCT/USkI4271
electrostatic energy received by the antenna el enents, conprising:

an exciter circuit which produces resp?é ve first and second out - of - phase
excitation signals for powering up t hef Ahﬁhnlcatlon devi ce; 10

an antenna array which includes nultiple respectlve el ectrostatic exciter

antenna el ements arranpey CONFUSURATEORD col u ? E
control circuit whic I
exciter antenna el enggtgsapﬁ%%[gqo\gle%ngol rm to récei \f! G Zm%n

first and se d e tatlm signals and connects exciter antenna el enents
in col ums é ent o such given colum to receive the other of the first

and %(GC {a | O %ll?;n ;or
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(B) connects exciter antenna elenents in a given row to receive one

of—he—++st—and secent—excirtatton si gmars and connects exciTer ant enna
elements in 2 0 rows adj acent to such given row to receive the other of

the first and second excitation signals.
WO 97/14112 PCT/US96/14271
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