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Description
BACKGROUND OF THE INVENTION

[6001] 1. Fleld of the Invention

[0602] ‘theinvention refates to an Interragatar accord-
ing to the preamble of claim 1. Accordingly, the present
Invention generally refates to a radio fraquency identifi-
cation {RFID) system, and more particulely, to an im-
proved dual antenna coll antenna and signal processing
REID Interrogator or reader for inductively coupiing to a
transpondat to extract data from the transponder. Amag-
netic field emitted by the reader to energize the trans-
pender is generated by cuments flowing through two es-
sentially identical but spaced apart antenna colls,
[0c03] 2 Related Art

[0004] Aninterrogator of the inifially-mentioned type is
known, e.g., from US-A-4 542 532.

j0005]  In the autornatic data identification industry the
use of cooperative identification systemns which may In-
clude an interrogator {also knewn as a readsr} and a
transponder (also known e¢ a tag), has grown In promi-
nence as & way to track objects and/or data regarding
an object to which the transponder is affixed. A trans-
ponder generally inciudes a sermicenductor mamory, in
which digital information may be stored. Using a tech-
nique known as inductive coupling, a transponder pro-
vides the stored data to aninterrogator in response to an
electromagnetic field that is generated by the interroga-
tor This type of inductively coupled identification system
is very versatile. The transponders may be passive, in
which they extract their power from the electromagnetic
field provided by the interrogator, or acfive, in which they
inciude thelr own power source. The passive transpond-
ers can be gither ‘hal-duplex” or fulk
duplex” transponders, which can be manufactured in
very small, lightwelght, and inexpensive units. The inter-
rogator-transponder systems can be made to operate in
a wide range of frequencies, from kilohertz to gigahertz.
The interrogator may be portable and powered by a small
battery, o fixed and powered by a battery or AC pawer.
[0008] in vlew of these advantages, inductively cou-
pled Identification systems are used In many types of
applications in which it is desirable to track information
ragarding a moving or Inaccesslble object. Various ap-
plications may include asset and inventory control, ac-
cess control, security, and transportation applications
such as vehicte toil collection, parking, and fleet man-
agement. Another application Is to affix transponders to
animais in order to provide information such as their
heslth, behavior, or focation. One method of attaching
the transponder is to implant the trensponder within the
animal. For example, the transponder may be implanted
beneath the skin of the animal or the transponder may
be designed such that, when swallowed, it remains in the
stomach or digestive fract of the animal. Passive trans-
ponders are uniguely suited for this type of application
because they do not require an Internal power source
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such as a battery that can wear out.

[0007] The inductively coupled Identification system
may utifize an interrogator that generates threugh anan-
tenna coil an electromagnetic fiefd for inductively cou-
pling to a transponder. The transponder may be passive
and have a memory device coupled to an Inductive an-
tenna coil that serves both as the anlenna and inductive
power supply to draw power from a generated electro-
magnetic field to supply power to the transponder's elec-
trical circuits. One method of providing data o the Inter-
royator is for the transponder to retransmit the identifica-
tiont deta to the interrogator. This approach requires the
use of fransmission and reception circuitry in both the
Interrogator and the trensponder. Alternatively, because
it is desirahle to minlaturize the {ransponder, it is bene-
ficlal to eliminate as many pars in the transponder as
possible. Thus, another methed of providing the data to
the Interrogator is to provide a variable load within the
transponder. To decods the data, the interrogator meas-
ures the power output of the interrogator and ioading by
the transponder. The modutated power signal is decoded
to separate the data element for iater digital interpreta-
tion.

[0008]  Adrawback of conventional Inductively coupled
identification systems Is that the inductive coupling be-
tween the transponder’s Inductive antenna coll and the
electromagnetic field, generated by the interrogatar's
field antenna coll, may depend on the relative distance
between ihe interrogator's field antenna coil and the
transpender's inductive antenna coll. if the distance be-
tween the Interrogator’s fieid antenna coll and the trans-
ponder's inductive antenna coil are minimized, then In-
dugtive coupling Is maximized. Howaver, if the distance
is relatively far then Inductive coupling Is negligible and
the Inductive coupiing Is less effective. Accordingly, it
would be desirable to provide en interrogator which in-
creases the effective range for reading the transponder.
0008] in conventional inductively coupled identifica-
tlon systems the interrogator Is unable or not designed
to pick up disturbances in the magnetic field caused by
conductive objacts other than transpender tags. For ex-
ample, an animal or human walking near the antenna
colls may magnetically react to the magnetic field pro-
duced by the interrogator. However, conventional RFI0
systems tack the sensitivity and/or clrcuitry to detect any
magnetic disturbances. Accordingly, it would be desira-
ble to provide an interrogator which can detect conduc-
tive obiects other than transponder {ags.

[0010] UB-A-4 361 153 discloses an implant telemetry
system by which an externally generated myriametric fre-
quency magnetic carrier signal Is resenantly reflected by
a tuned coil in an implant The external telemetry unit
preferably includes a coaxially spaced triple coil assem-
bly The middle colitransmits the carrier. The auterpickup
coils are balanced to minimize carrier reception.
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SUMNMARY

{0011] The present invention provides an interrogator
having the features of claim 1. Furiher embodiments of
the invention are described In the dependent claims, The
two antennas may be placed so that a fransponder tag
can be read when placed near them. The interrogator
also Is able {0 detect a conductive object other than a
transponder tag [n ane embodiment, each antenna coll
is driven to produce an Identical and preferably oppositely
phased magnetic field. A device, such as a transformer
In the circult measures any differences in the current be-
tween the antenna enils The magnetic field required to
energize atransponder and/or detect a conductive object
is generated by currents flowing through antennas, for
exampie as discussed herein antenna coils of varying
contigurations, arranged near the area whera the tags
areto be read oran objectis to be detected. The antenna
coils are preferably identical and oppositely phased, how-
ever, It Is within the scope of the present invention to use
different antennas andfor antenna coils which are not
opposhely phased,

[0012] When = transponder is piaced next to the two
antenna coils and activated, a change is induced in the
magnatic field(s) of the antenna coll(s) This change it
duces a time varying differential current measured be-
tween the two antenna coils which is reflective of the data
stored in the transponder. The differential current is read,
filtered, and decoded. [n one embodiment of the present
invention, an auto-tuning circuit s provided which tunes
the antenna-antenna coil driver signals to resonance. An
auto-nulling clrouit is also provided which nulls any dif-
ferential currents Induced by phenomina cther than ob-
jects such as transponder tags or conductive objects.
[0613] Other systems, methods, features and advan-
tages of the invention will become apparent to one with
skilt, i the art upon, examination of the following figures
and detailed description. 1t is intended that all such au-
ditional systems, methods, festures and advantages be
inciuded within this description, be within the scope of
the Invention, and be protected by the accompanying
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Theinventioncan be better understood with ref-
erence to the following figures. The componants in the
figures are not necessarily to scale, emphasis instead
being placed upon fustrating the principles of the inven-
tion. Moreover, in the figures, Hke reference numerals
designate corresponding perts throughout the different
views

[0015] FiG. 1 depictsthe basiccompanents of the dual
antenna coll reader of the present invention;

[0016] FIG. 2 is an exemplary block diagram of the
reader circuit of FIG. 1,

[0017] FIG. 3 illustrates exemplary power supply, an-
tenna coll driver, and auto-tuning circuitry of the present
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invention;

[001B] FiG 4illustrates exemnplary reception and auto-
nuif circuitry of the présent invention;

[0019] FIG 5illustrates an exemplary decoding circuit-
ry of the present invention;

[0020] FIG. 6 itlustrates exemplary processors of the
present invention; and

[0021] FiG. 7 Hustrates an exemplary spiitter, coit bal-
ance, and antenna colls of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0022] FIG. 1 deplets the basic components of the
RFID imterrogator of the present invention. The entire in-
terrogator 100 may be constructed out of analog electrl-
cel components, digital electrical companants, oracom-
bination thereof. Accordingly, most of the main electrical
components of the interrogator 103 may be constructed
en asingie IC chip, a PC boatd, or any appropriate circuit
board and/or assembly known to one skilled in the art.
The system also includes two antenna coils 112 and 114
which are placed so that a transponder tag can be read
when placed in the feld generated by the antenna colls
112 and 114 The carrier signals which drive the anteana
colls 112, 114 are generated hy processor{s) 102 and
are fed into antenna coil-driver/power cirouitry 104 to
generate an antenna coil-driver signal. The antenna colk
driver/power circuitry 104 contalns an impedance match-
Ing network which aliows the impedance of the circuit to
be matched to the antenna coils 112, 114 Furthemare,
the antenna coll-driver/pawer circuitry 104 contains an
aute-tuning network {described below) which allows the
clrcuyit 1o be automatically tuned to the desired reso-
nance,

[0023] A splitter 106 receives the antenna coil-driver
signat from the antenna coll-driver/power clreultry 104
and splits the curent equally to the antenna coils 112,
114 When a transponder is placed in the field generated
in the vicinity of the two antenna coils 112, 114 and ac-
tivated by the signals from the antenna colls 112, 114, a
measurable change is Induced in the magnetic fields pro-
duced by the antenna coils 112, 114. This change induc-
es a differential current which can be measurad between
the two antenna colls 112, 114 which is reflective of elther
the data contained in a half duplex or full duplex trans-
ponder andfor indlcative of a conductive object passing
through or alongside the magnetic fields preduced by the
antennacolis 112, 114,

{00247 The present invention aliows objects such as
enimals or kumans and/or any other objects which are
conductiveto be detected Forexample, if an animatsuch
as & CoW passes between or alongside the antenna coils,
the presence of the cow will generate a reaction in the
field(s) generated by the antenna coils 112, 114 and
cause @ measurable disturbance inthe magnetic field(s)

Tris disturbance will induce a differential currentbelween
the two antenna colls 112, 114 which a reader commu-
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nicatively coupled to the sglitter 108 is able to detect
This feature may be used to track animals, humans,
and/or other objects which Initiate the magnetic reection.
The feature may also be used to indicate that a conduc-
tive object has passed through the antenna colls without
having a transponder tag. The means for indicating the
detection of a conductive object may be any type of output
such as a slren, horn, light, or any other outpit mecha-
nism known to one skilled in the at.

{0025] The present embediment includes an antenna
coll balance circuit within the splitter 106 which aliows
maiching of the Impedance of both antenna colls 112,
114 prior to or during operation. This may be accom-
plished, for example, by the use of an adjusteble differ-
ential inductor and/or adjustable resistor(s) within the
splitter 106.

{0028] The RFID interrogator 100 includes receivercir-
cuitry 108 which Is coupled to the splitter 106. The re-
ceiver circuitry 108 receives the difference signals gen-
erated by a half duplex or full duplex transponder and/or
a conductive object near or within the magnetic field of
the antenna coils 112, 114. The RFID interrogator 100
also includes and deceder circuitry 110 coupled to the
recelver clreuitry 108 which decodes the signal. Auto-
nulling circuitry may aiso be provided in the receiver 108
which continuously (between trensponder readings)
nulls any offset between the sigrals driving the anfenna
coils 112, 114.

[0027] FIG. 2 is &n exemplary block diagram of the
interrogator 100 of FiG. 1. It should be nated that many
circuit and component variations are contemplated and
that their incorporation wouid not depart from the scope
of the present invention. Accordingly, the interrogator
100 represents one exemplary embodiment of the inter-
regator 100 shown in FIG. 1. The corresponding circult
blocks to components 102, 104, 106, 108,110,112, 114
of FIG. 1 are indicated in more detail in FIG 2. The in-
terrogater 160 operates on & DG power source 202 de-
rived from either an AC line powered DG suppiy or alter-
natively a storage battery The DC power is further divid-
ed into various voltage levels by reguiators {not shown)
[0028] As noted the processar{s} 102 includes Electd-
cally Erasabie Programmable Read Oniy Memory (EEP-
ROM} 204 as weil as a control processor 206, a carrier
generator 20B, & housekeeping processor 210 and a
communication input/output ("COMM 1/O") processor
212. Each of these components Is electrically Intercon-
nected to share data and instructions within the proces-
sor(s) 102.

[0028] The antenna coit driver/power circuitry 104 in-
cludes, in addition to the power supply 202, coil driver
switches 214, a power level adjust 216, an impedance
matching network 218 and an auto-tune 220 These com-
ponents are interconnected as discussed below for re-
ceiving an input from the carrier generator 208 to the coil
drive switches 214 and outputting a coil driver signal to
the spiitter 106.

[0030} The spiitter 108 Inciudes a signal splitter 222
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which receives the ¢oll driver signal from the antenna coll
driverfpower circuitry 104. The splitter 106 may include
& coil balance circuit 234, as shown in Fig 2, positioned
betweean the spiitter 222 and the antenna ¢oils 112 and
114 The antenna colis 112 and 114 may include & com-
mon output to a ground 237.

[0031} Thespliter 106 notonly drivesthe antennacolls
112 and 114, it outputs signals from the antenna coils
112 and 114 to the receiver circuitry 108. The recelver
cirouitry 108 inciudes an autonuil 224 which receives the
signals from the splitter 106, and forwards the signals,
after autonuil processing, fo a recelver amp fiter 226.
The receiver arp filter outputs signals 1o a synchronous
demodulator 228, which also receives input signals fram
the carrler generator 208 of the processor(s) 102. The
synchronous demodutator 228 provides output signals
to a rectifier 230 which in turn forwards the signals to an
adder232 The receiverclrcuitry 108 outputs signalsfrom
the receiver amp filter 226 and the addar 232 to the de-
coder clrcuitry 110,

[0032] Thedecodercircuitry 110includes a half duplex
(*HDX®) decoder 227, for receiving signals from the re-
ceiver amp filter 226, as wetl as full duplex {"FDX") de-
coders 240 and 242 which recelve signals from adder
232 to provide decoding of Phase Shift Keyed {"PSK")
signals by FDX decoder 240 or Frequency Shift Keyed
{"FSK") signals by FDX decoder 242, raspectively, DATA
out descriptive.

[0033] The processor(s) 102 includes control micro-
processor 206 which is used jor master control of the
Interrogator 100 to provide control signals for timing,
communication, ete. The time base for this conirpl micro-
processor 206 is used to generate a synchronlzation sig-
nal The synchronization slgnai generated by the control
microprocessor 206 Is divided down to the carrier fre-
quency, 134 2 KHz for example, by a second carrier gen-
erator microprocessor 208 which generates several sig-
nais at divided down frequencies, For example, the car-
tier generator microprocessor 208 may be coupledtothe
antenna coll-driver, powergircuitry 104’ to provide carrier
signals generated to turn the antenna coil drive switches
214 on and off at the appropriate time to generate mini-
mum hammonics in an antenna coll drive signal produced
by the antenna coil-driver/power circuitry 104

[0034] The cartier generator microprocessor 208 may
also be coupled to the recelver circuitry 108 to provide
carrier signals, aiso generated &t the peaks and zero
crossings of the antenna colf drive signal, for the syn-
chronous demodulator 228 of the recelver cirouitry and
for other timing purposes.

{o035] The antenna cofl drive switches 214 connect
the antenna coll impedance maiching network in se-
guence to the DC supply voltage, then open the circutt,
then ground the circult, then open the clreuit again, then
reconnect back to the DG supply voitege, The periods of
open circuit result in a significant reduction in generated
harmonics of the carrier in the antenna coil drive signal
Duringthese periods of open circuit, the Inductive current
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from the antenna coll flows through diodes (net shown)
to ground or to the DG supply as required The antenna
coll drive switches 214 feed current info & power level
adjust 216 and then into animpedance matching network
218 consisting of the seties drive capaciter, the antenra
coils, and the paratlef tank capacitors The antenna coll
impedance is refatively low, to keep the peak voitages to
convenient values. The impedance matching network
ralses the Impedance seen by the anterna coli drive
switches 214 and (owers the current switch to a conven-
jent value. Smaller values of the series drive capacitor
raise the Impedance seen by the antenna coil drive
switches 214, thus reducing the peak voltage and power
circulating in the antenna colls. Since the serles drive
capacitor is part of the resonant cireult, changes in s
capacitance must be also reflected in the parallel reso-
nant clrcuit capacities . By switching portions of the series
drive capacitor between ground and the switches, the
overall resonant frequency remains tnchanged. Thus
the power to the antenna colls may be convenlently ad-
justed without readjustment of the tuning.

[6036] The inductance of the antenna colls may vary
with their position and envirenment, which requires re-
tuning to resonance from time to time. The auto-tune cir-
cuit 220 automatically retunes the circuit by switching
trim capacitors in or out as required A phase detector
{not shown) compares the antenna coll signal to the dig-
ital drive signal, generating & phase error signatindicating
the direction and amount of correction needed for reso-
nance. That error signal is sent to the housekeeping mi-
croprocessor 215 which computes the correct combina-
tion of trim capacitors to retune to resonance and sets
the switches accordingly. This switch update cccurs only
during the period white the antenna coil power is off, not
while a full-duplex transpender tag Is being read.
[0037] The antenna coil drive signal proceeds from the
impedance matching 218 and autotune circuits 220to 2
power splitter circuit 222. The power splitter clroult 222
splits the current into the two matched antenna colls 112
and 114 and subtracts the two currents to form a differ-
ence cutrent. A device such as a differentlal transformer
may be used to extract the difference current. f there is
no tag modulating the magnetic field, the currents direct-
ed to each antenna coil wili be equat and thus there will
be no differance current If there is a tag near the field
and/or a conductive object Is plased near the field, there
will be a difference batween the currents driving the two
antenna cofls This difference will appear as a sighal on
the difference current measuring device. For example, If
a differential transformer is utilized, the difference current
will eppear as & voltage on a third winding on the differ-
ential transformer. The first and second windings of the
differential transformer are connected i sach antenna
coll. This differential signal carries the tag data to the
recelver for amplification, demodulation, and decoding.
The differantial signal also carries any signal indicating
a conductive object Is near the magnetic fields. A myriad
of other configurations are possible which do not depart
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from the scope of the present invention, including using
& separate receiver anterina coll.

[0038] The magnetic fleld required to energize a tag is
generated by currents fiowing through antenna coils 112
and 114 arranged near the area where tags are to be
read in one embodiment for example, the antenna coils
may be placed on opposite sides of a livestock chute {or
*raceway"}), with the tags (or a conductive object) passing
between or elongside the antenna coils Although in the
present embediment the antenna colis are constructed
as nearly identica; as possible, due to their envirenment
there will often be small differences in inductance and
AC resistance between the antenna colis. inductance
balance and resistive balance controis 234 allowfor initial
correctionforthose differences, nulling the difference sig-
nal.

[0038] 1§ there is a tag or a conductive object in the
fiald, the difference betwaen the signals from the two
antenna coils will appear as the difference signal at the
receiver input, In the case of a conductive object, the
signal wil consist of a magnetic disturbance . [n the case
of a tag, the signel will consist of the carrier frequency
and sidebands due to the moduiation on the carrier, cen-
tered around the carrier at, for example, 134.2 KHz. This
received sighal goes through a fiter 226, reducing the
bandwidth, and attenusting noise components outside
the pass-band.

[0040] The filtered signai is demadulated into in-phase
"F and quadrature "Q components by a synchronous
demodulator 228 The demodulater 228 is driven by sig-
nals generated by the carrier generator. If there exists
any signal component in-phase with the carier, the "/
signal will be positive and if there exists any signal corm-
ponent out-of phase with the carvier, the " signal will be
negative. This applies to the " signal as well, but in-
volves the quadrature componant (80 dagrees from the
carrier) of the signal

[0041] Ideally, the total voltage at the carrer fraquency
is represented by the square root of the sum of the
squares of the " and "Q" compoenents [n this exemplary
embodiment the sum of the absolute values of *" and
"Q' may be used as an approximetion. Two precision
rectiflers 230 separately take the absolute value of the
" and "' components, and the sum 232 Is output as
the demoduiated signal ampiitude. The amplitude infor-
mation from the adder 232 contains the full duplex tag
data encoded using phase shift keyed (PSK} modulation
240. The PSK decoder in conjunction with the house-
keeping microprocessor recovers the data and cloek for
input to the control processor

{o042] Ifthe antenna coils 112 and 114 were perfectly
identical, and the differential transformer was wound per-
fectly, the antenna coll curents wouid be identical, and
the difference would be zero when no conductive objects
andfor & tag was near the fields. Simply, no carrier would
be prasent in the received signal. In reality, the antenna
coils 112 and 114 and the current directed to them will
not be precisely balanced, and some carrier will leak
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through, resulting in a DG offset in the "/ and "Q" signals.
This DG offset 1s read by the housekeeping microproc-
ess0r, which drives two multiplying digitel to analog con-
verters, adding sufficient °* and " components of the
putgoing carrier into the incoming signal to null the re-
maining carrier. These correcting " and "Q" components
combine to form a signal equat but exactly opposite in
phase to the remaining carrler signai from the differential
transformet, thus forging the DC offsets in the demodu-
lated 't and " signals back to zero.

[0043] The first two sections of the receive ampiifier/
filter pass the HDX freguencies between approximately
124 and 135 KMz. This band is fed 1o a phased locked
loop set to about 128KHz center frequency, which ex-
tracts and decodes the frequency shift keyed (FSK) data
and clock signal in conjunction with a program sharing
space in the carrier generator microprocessar. The HDX
tag decoding aceurs only when the carrer s off, so there
is no interfarence between the two functions in the same
chip.

[0044] In another embodiment, a communications in-
terface provides & two-way communications link to an
external computer, terminal, or any other data coliection
andcontrol device known to one skilled inthe art. Further,
an EEPROM stores various operating parameters and
options during power off conditions. It may be located In
one of the microprocessoss and/or in a separate chip on
& PC board.

[0045] FIG. 3 iflustrates exemplary power supply, an-
tenna coil driver, and aute-tuning circuitry 104 corre-
sponding to the block components 104 described above
for FIG. 2. The corresponding cireuit biocks to the power
supply 202, coil drive switches 214, power level adjust
218, impedance matching network 218, and auto-tuning
circultry 220 in FIG. 2 are Indicated In more detail in FiG.
3 as 202, 214, 216, 218 and 220 respectively. FIG 3 is
an exemplary circuit diagram and it should be noted that
many circuit and component variations are contempiated
and their incorporation would not depart from the scope
of the present invention.

{0048] A DC power supply voltage Is applied to termi-
nais 300 and 802 directing the current through a reset-
table fuse 304. The current is then smoothed by a ca-
pagitor 306 and a differential ampiifier 309 provides a 0
to 5 voltoutput proportional to the current through resistor
310 white resistors at 311 and 312 scale the input voltage
to 5 volts The input current is fed into the antenna colt
drive nMOSFET switches 314 and 315 and to 8 10 voit
regulator 316 This 10 volt line supplies CMOS driver
317, a5 voltregulator318 andvaricus othercomponents,
The five volt regulator 318 supplles a digital Ve directly,
and an analog & volts 318 through a filter 320. Through
filter 322 the voltage regulator 318 also supplies voitage
inverter 323 which provides a -4 5 volt supply to the filter
324 and & -4.5 oulput 325

[0047] CMOS driver 317 provides separate gate driv-
ers for antenna coil drive nMOSFET switches 314 and
315. Disde 330 and capaclter 332 boost the gate drive
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voltage above ihe supply rail so both MOSFETs can be
n-channel Capacitors 334 and 335 provide & low-imped-
ance voltage supply for the switches to minimize carfier
frequency coupling to the board. Inductor 336 reduces
the high frequency swiiching edges for the same reason.
Internal diodes (not shown) across the MOSFETS pro-
vide & current path to the DC supply or ground when bath
switches are off.

j0048] Capscitors 340, 341, and 342 form part of a
tuned impedance matching network along with parallel
tuning capacitors end a antenna coil(s). Gapacitor 340
is always in place and represents the highest impedance
seiting (jowest antenna colt drive power) while capacitors
341 and 342 can be swiiched by switches 343 and 344
elther parailel to the antenna colt or parailel to capacitor
340. in this way, they maintain the resonant frequency
constant and when in paraiief with capacitor 340 they
reduce the drive impedance Into the antenna coll, in-
creasing the power ata given voltaga. This provides four
selectable power settings for any input voltage without
affecting the antenna coil tuning. Resistors 346 and 348
divide the antenna coil drive voltage to a reference level.
Power is supplied to the transmit antennas at 350.
[0048] Triacs 360-365 and capecitors 366-371 enable
autorratic tuning of the antenna colt by digital signals.
The circuit beheves as a digitel to capacity converter
since the capacitors are in a binary sequence. The digital
combination applied to the Trlac gates by a microproc-
essor turns on the appropriate capaciors to provide the
required tuning value. Resonance occurswhenthe digital
antennz coil switch signal is In quadrature (90 degrees)
with the output carrier phase at reference point 372,
[0050] Triac373isturned on briefly when, the antenna
coil power is tumed off o absorb the stored resonant
anergy in resistor 374, quenching osciliations in the an-
tenna coils. The read trigger 375 and auxiliary input 378
circults allow the control microprocessor to respond to
external switch inputs white protecting self from external
transients. ln the auxiiiary output clroult 377, the AUX-
QUT line is pulled fow to allow the microprocessor to
control externat events.

[0051] FIG. 4illustrates exemplary receiving and auto-
nuli clrcuitry 108 corresponding to the block components
108 described above for FIG 2 The corresponding cir-
cult blocks to the auto null circuitry 224, receiver amplifier
and filters 226, demodulator 228, rectifier 230, and adder
clreuitry 232 in FIG. 2 ere indicated in more detall in FIG.
4 FIG 4is an exemplary circuit diagram and it should be
noted that many circuit and component variations are
contemplated and thelr incorporation wouid not depart
from the scope of the present invention.

f0052] An unbalanced signat from the splitter’s differ-
ential transformer {described in FIG. 7) is received at
point 400. For exemplary purposes, this signal may be
read at 134.2 khz. Capacitor 402 provides Initial noise
rejection while amplifier 404 amplifies and low-passes
the signal to further reduce the noise Capacitors 406
and 408 match impedances between the amplifiers 404
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and a tank clircult consisting of an inducter 410 and a
capacitor 412, which provides a filter pole.

[0063] The FET (Field Effect Transistor) 414 turns on
briefly afler antenna coll power is removed to guiet any
resuiting transients. Amplifier 414 boosts the voltage to
a fliter conslisting of inducter 416 and capacltor 418 If
the recelved transponder signal is a half duplex signal
{HDX) the HDX signal Is taken before the last filter pole
and if the received transponder signal is & fuil dupiex
signal (FDX), the FDX signal continues on to 422. An
amplifier 420 provides gain to drive an Inverter 424 and
a demodulator 426.

[0054] CMOS switches in demedulator 426 seiect el-
ther the direct signai or the inverted signal, depending
upon the phase of the square wave in-phase and square
wave guadrature signals from a carrier generater chip.
This dermnodulates the received signal into one compo-
nent in ghase with the carrler, and one component in
quadrature to the carrier. Resistors 428 and 430 and ca-
pacitors 432 and 434 integrate the in-phase {|) and quad-
rature (Gt) components for use in an auto-nulling feature
{described below). The | and Q signals are also rectified
fn ampiifiers 436 and 438 and summed In amplifier 440
The result is a demodulated full duplex signal (at base-
band) at 442, ready for phase shift keyed (PSK} or fre-
guency shiit keyed (FSK) decoding (described in fig. 4).
[0058] Small changes in the antanna coll environmant
may cause impedence shifts and hence allows carrier
feaed-through. The present invention features an auto-
nulling feature which removes such carrier fead-throtigh
when 1t is desirable. Circuit 444 forms a state variable
active filter which {ekes a sample BEF_| 446 of the out-
going carrier, and provides | and Q reference voltages
{1+ |-, Q+, Q-) to a dual muttiplying digita! to analog con-
verter 448 with current output feeding the summing junc-
fion at 404. These currents add to form a signal opposite
in phase but equal In amplitude 1o the carrler, nuliing the
feedthrough. Ouiput from the demodulator 426 is con-
trolled by processor (housekeeping micropracessor, by
the muitiplexer) over & local serial bus by measuring the
voltages at OFFSET_ | 450 and OFFSET_Q 452.
[0058] FIG. § illustrates exemplary decoding circuitry
110" corresponding to the block components 110' de-
scribed above for FIG. 2 The corresponding clrouit
blocks to the HDX decoder 227, PSK decoder 240, and
the FSK decoder 242, in FiG. 2 are indicated in more
detall in FIG. 5. FIG 5 Is an exemplary circult dlagram
and it should be noted that many cireuit and component
varialions are contemplated and their incomporation
would not depart fror the scope of the present invention.
[0057] The baseband signai feeds both low pass filter
500 and decoder 502 The low pass filter 500 drives com-
parator 504 which squares-up the phase shift keyed sig-
nal for the microprocessor to decede PSK_COMP 536.
Decoder 502 decodss frequency shiftkeyedsignals. The
voltage controlled oscillator signal is squared for the mi-
croprocessor gt 508. {Many types of encryption may be
usad).
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[0058] The half duplex signel is frequency shift keyed,
shifting between approximately 124 KHz and 134.2KHz,
s0 it Is split off from the receive filter at the second stage
andfedto a phase locked Joop 510 with a centerfrequen-
cy of about 128 KHz. The voltage controlled oscillator
output frequency goes to processor 610 (FIG. 6) as the
data clock HDX_CAR 512, while the VCO control voliage
Is squared-up by amplifier 514 and sent to processor 610
{FIG. 6)as the data stream HDX_COMP 516. Processar
610 (FIG, 6) also functions as the carrier drive timing
generator, but since the half dupiex tag is read oniy while
the carder is off, processor 610 (FIG. 6) can serve this
dual function.

[0058] FiG. 6 liusirates exemplary processor, memo-
ry, and communications circuitry 102 cerresponding to
the block components 102 described above for FIG 2

The corresponding circuit biocks to the memory 204, con-
troller 206, cartier generator 208, house keeping micro-
processor 210, and cornmunications /O processar 212
In FIG. 2 are indicated in more detall in FIG: 3. FIG 6 is
an exemplary cireuit diagram and it should be noted that
many circult and component variations are conternplated
and their incorporation would not depart from the scope
of the present invention,

[0060] Basic timing and control of the system is pro-
vided by crystal 600 and master microprocessor 206 Mi-
croprocessor 206 runs the software that {acilitates exter-
nal communications, communication with other micro-
processors, audio output, flashing fights, reading exter-
nal control switches, decoding and formatting received
tag date, displaying data on an LCD, storing user options
and parameters either in an internal EEPROM 204or an-
othermemory device, and generally keepingtack of over-
ail system operation.

j0061] Housekeeping microprocesser 210 meastres
analog voltages through multiplexer 608 interfaces to the
auto-tune and auto-null hardware, and generally handles
internal affairs of the reader. Carrier timing generator 610
divides the clock frequency to provide precise timing sig-
nals for generating the carrier (PULL-UP and PULL-
DOWN) and demedulating the received signat (SQI,
SQQ). In additon, when its not busy with the antenna
coll signals, It decodes the haif duplex tag in conjunction
with processor 510 previously described. Comparator
612 detects zero crossings which are compared with SQI
inXOR gate 614 to generate aphase erorvaitage (TUN,
ERR) 616 atmultiplexer 0B so processar 606 can control
the TRIAC autotuning switches on FIG 3.

[0062] FIG. 7iliustrates exemplary splitter and coli bal-
ancing circuitry, and antenna coils 108 coresponding to
the block components 106 described above for FIG. 2.
The corresponding circuit blocks to the splitter 222, Coll
Balance 234, and antenna cofls 112 and 114, in FIG. 2
are indicated In more detail in FIG. 7 FIG 7 is an exem-
plary circuit giagram and it should be noted that many
circuit and component variations are contempiated and
thelr incorporation would not depart from the scope of
the present invention.
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[0063] In the present embodiment, current driving the
two anterinacolls 70BIs balanced by aresistive balancing
network 702 and an adjustable differential inductor 706
which allow a user 1o equally balance the current driven
to the two entenna colis. A differential trensformer 704
measures the difference In cutrent between the tWwo an-
tenna coils 112 and 114 which is reflective of either the
data contained In & half duplex or full duplex transponder
and/or indicative of an object passing through the mag-
netlc flelds.

{0064} Although an antenna "coll” is described above
the present invention, itis to be understand that any type
of antenna, coiled or otherwise, known in the art may be
used

[0065] The foregoing description of Figures 3to 7, and
the figures themselves, depict a representative clrouit
and the primary components which those skilled in the
art will understand may be medifled for various applica-
tions, For completeness in detail, included herewith as
appendix figures 3A, 4A, BA, BA and 7A are detalled clr-
cuit dimgrams which include reference values for the cir-
euit elements of corresponding Figures 3-7.

[0086] White various embodimants of the invention
have been described, i will be apparent to those of or-
dinary skill in the art that many more embodiments and
Implementations are possible within the scope of the at-
tached claims.

Claims

1. Aninterragator (100) for a radio frequency identifi-
cation device comprising:

an antenna driver circuit (104);

a receiver {108} to receive and decode trans-
ponder signals;

a first antenna {112} ; and

a second antenna {114);

the interrogator (160) being characterized in that
it further comprises

a splitter circuit (108) communicatively coupled to
sald antenna driver ciroult (104) and said receliver
(108) such that said splitter circuit (106) splits a drive
current generated by said antenna driver cirouit {104)
Into substantially similar first and second antenna
currents directed to said first and second antennas
{112,114}, respectively, and said spiitter circuit (106)
communicatively couples said first and second an-
tennes (112, 114) fo said recelver {108).

2. The interrogator (100) of claim 1, wherein said split-
ter clrouit {108) Is communicatively coupled to the
antenna driver circuit {104) to split the transpender
signals into balanced drive signals and communica-
tively couple the first and second -antennas (112,
114) to sald receiver (108), wherein a transponder
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signal obtained by said first and second antennas
{112, 114} is decoded.

3. The interrogator {100) of ctalm 1, further comprising
afield effect detectorto detectvariations in an electro
magnetic field; and a difference current detector
communicatively coupled to said splitter circuit (108)
to measure any differential currents imposed on the
first and second antennas (112, 114).

4, The interrogator (108) according to any of claims 1
to 3, further comprising a difference current detecior
communicatively coupled to said splitter circuit {106)
to obtaln a signa! derived from a fleld diffarential be-
tween the first antenna (112) as compared to the
second antenna (114).

5. The interrogator (100) according to claim 3 or 4,
wherein the difference current detector is a differen-
tla transformer.

6. The interrogator (100} according to any of clalms 1
to b, wherein said receiver {108) Is adaptedtoreceive
the signal derived from the field differential, saidin-
terrogator (100) further comprising a decoder (110)
to process the signal to obtain encoded information.

7. The interrogator {100} according to any of claims 1
to 6, where the receiver (108) further includes an
auto-nulling circuit to nuli any offset between current
in the first antenna {112} and the second antenna
(114},

8. The interrogator (100) according to any of ciaims 1
ta 7, wherein sald splhitter clreuit (108} further in-
cludes an antenna balance chrouit (234) to adiust the
first and second antennas (112, 114)sothat the driv-
ing signais to the first and second antennas {112,
114) are substantlally equivalent

8. The Interrogator (100) according to any of claims 1
to 8, further comprising an auto-tuning circuitry (104)
to tunethe drive current provided to the first and sec-
ond antennas (112, 114) fo a desired resohance.

Patentanspriiche

1. Abfrageeinsichiung (100) fir efne Funkerkennungs-
vorrichtung, aufweisend:

eine Antennentreibarschaltung (104);

ginen Empfanger (108) zum Empfangen und
Dekodieren von Transpondersignalen;

elne erste Antenne (112); und

elne zweite Antenne (114);

wobel die Abfrageelnrichtung (100) dadurch ge-
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kennzeichnet ist, dass sie weiterhin eine mit der
Antennentreiberschaltung (104) und dem Empfén-
ger (10B) kommunizierend gekoppelie Teillungs-
schaltung {106} aufweist, so dass die Tellungsschal-
iung {108} einen mittels der Antennentrelberschal-
tung (104) erzeugten Treiberstrom In einen ersten
und eirien zwelten Antennenstrom aufteilt, die imwe-
sentlichen gleichartlg sind und zu der ersten bezie-
hungsweise zwellen Antenne {112, 114) geleitet
werden, wobel die Tellungsschaltung (108} die erste
und die zweite Antenne {112, 114) mit dem Empén-
ger (108) kommunizierend koppeit.

Abfrageeintichtung (1008) nach Anspruch 1, wobei
die Teliungsschalung {106) mit der Antennentrei-
berschaltung {104) kemmunizierand gekoppelt ist,
um die Transpondersignale in ausgeglichene Trei-
bersignale aufzutelien, und die erste und die zwelite
Antenne {112, 114) mit dem Empfénger (108) kom-
munizierend koppelt, wobel ein mittels der ersten
und der zweiten Antenne (112, 114) erhaltenes
Transpondersignal dekediert ist.

Abfrageeinrichtung (100) nach Anspruch 1, welter-
hin aufwaisend einen Feldeffekidetektor zum Detek-
tleren von Schwankungen In einem elektromagneti-
schen Feld; und einen mit der Teilungsschaituing
(108) kommunizierend gekoppelten Differenzstrom-
detektor zum Messen von auf dar ersten und der
zweiten Antenne (112, 114) elngeprégten Differanz-
strémean.

Abfrageelnrichiung {100) nach einem der Anspriiche
1 bis 3, weiterhin aufweisend einen mit der Teilungs-
schaltung {106) kommunizierend gekoppeltan Diffe-
renzstromdetektor zum Erhalten eines von einer
Felddifferanz zwischen der ersten Antenne (112) im
Vergleich zu der zweiten Antenne (114) erlangten
Signals

Abfrageeintichiung (100) nach Anspruch 3 oder 4,
wobel der Differenzstromdetektor ein Differenz-
transformator ist

Abfrageelnsichtung {100} nach einem der Anspriiche
1 bis 5, wobei der Empfanger (108) geeignet ist, das
von der Felddifferenz ertengte Signalzu Emptangen,
wobe] die Abfrageeinrichtung (100} weiterhin einen
Dekoder {110} zum Verarbeiten des Signals auf-
waist, um eine kodierte Information zu erhalten.

Abfrageeinfichtung (100) nach einem der Anspriiche
1 bis 6, wobel der Empfénger (108} welterhin gine
altomatische Nullpunktabgleichsschaltung zum Ab-
gleichen einer Verschiebung zwischen einem Strom
inder ersten Antenne (1 12) und derzweiten Antenne
{114) aufweist
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Abfrageeinrichtung {100} nach einemder Anspriiche
1 bis 7, wobel die Tellungsschaltung (106) weiterhin
aufweist elne Antenneneusgleichsschaitung {234}
zum Einstellen der ersten und der zweiten Anienne
{112, 114), so dass die Treibersignele an der ersten
und an der zweiten Antenne (112, 114} im wesent-
lichen gleichwertig sind.

Abfrageeinrichtung (100) nach einem der Anspriiche
1 bis 8, welterhin aufweisend eine automatische Ab-
stimmungsschaltung (104} zum Abstimmen des von
der ersten und der zweiten Antenne (112, 114) be-
reifgesteliten Trelberstroms auf eine gewlinschie
Hesonanz.

Revendications

1.

2,

interrogateur {100} pour un dispositif didentification
par radiofréquence cormprenant :

un cireuit d'attaque d’antenne (104) ;

un récepteur {108) desting a recevoir et & déco-
der des signaux de transpondeur ;

une premiére antenne (112) ; et

une seconde antenne {114} ;

Iinterrogateur (100) étant caractérisé en ce
qu'lt comprend en outre

un clrcult séparateur (106) couplé de maniére
communicative auditcircult d'attaque d'antenne
{104) et audit récepteur (108) de maniére & ce
que ledit circuit séparateur (10B) sépare un cou-
rant d'attague généré par ledit ciroult d'attague
d'antenne {104) en premier et second courants
d'antenne en grande parlle similalres dirigés
vers lesdiles premnigre et seconde antennes
{112, 114), respectivement, et ledit clrcuit sépa-
rateur (10B) couple de maniére communicative
lesdites premiére et seconde antennes (112,
114} audit récepteur (108).

Interrogateur (100) selon la revendication 1, dans
ieque] ledit circuit séparateur (106) estcouplé dema-
nigre communicative au circuit d'attaque d'antenne
(104) afin de séparer les signaux de transpondeur
en signaux d'attaque équilibrés etcouple de maniére
communicative les premlére et seconde antennes
(112, 114) audit récepteur (108), dans fequel un si-
gnal de transpondeur obtenu par lesdites premigre
et secande antennes {112, 114} est décodé.

Interrogateur (100} selon la revendication 1, com-
prenant en outre un détecteur a effet de champ des-
tiné & détecter les vardations dans un champ
électromagnétique ; et un détecteur de courant de
différence couplé de manigre communicative audit
circuit séparateur (106) afin de mesurer tout courant
différentiel imposé sur les premiére et seconde an-
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tennes (112, 114).

Interrogateur (100) selon 'une gquelcongue des re-
vendications 1 & 3, comprenant en outre un détec-
teur de courant de différence couplé de manidre
communicative aud# circuit séparateur {106) afin
d’obtenir un signal dérivé d'un différentiet de champ
entre la premigre antenne (112) et la seconde an-
tenne (114},

Interrogateur {100} selon la revendication 3 ou 4,
dans lequel le détecteur de courant de différence est
un transformateur diférentiel.

Interrogateur (100) selon Fune quelcengue des re-
vendicatlons 1 & 5, dans lequel ledit récepteur {108)
est adaptd pour recevoir le signal dérivé du différen-
tlet de champ, ledlt interrogateur (100) comprenant
en outre un décodeur (110) desting & teaiter le signal
afin d'obtenlr des information codées.

interrogateur (100) selon l'une quelconque des re-
vendications 1 a 6, dans lequel e récepteur {10B)
inclut en outre un circuit d'annulation sutomatique
desting & annuler tout décalage entre le courant au
niveau da l2 premiére entenne (112) et de la seconde
antenne {114).

Interrogateur (100) selon 'une quetcongue des re-
vendications 1 a 7, dans lequel ledit clreuit sépara-
teur {108)inciuten outre un circuit d'éguilibrage d'an-
tenne (234) destiné & ajuster les premiére ef secon-
de antennes {112, 114) de maniére & ce gue les si-
gnaux d'attague vers les premiére et seconde an-
tennes (112, 114) soient en grande partie équiva-
lents.

interrogateur {100) selon I'une quelcongue des re-
vendications 1 & B, comprenant en outre un ensem-
ble de cireuits de syntonisation automatique (104)
destiné & syntoniser le courant d'attague fourni aux
premiére et seconde antennes {112, 114} sur une
résonance souhaltée
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