
1                   EP 0 393 103 B1                   2 Description
The powering signal is sequenced through each axis one at a time. The
sequencing is done at a high The present invention relates to apparatus for
speed (greater than 1 kilohertz). The transponder is and a method of
powering a transponder.             designed to Interact with two of the
interrogation The Applicants are aware of a number of trans-   5   axes.
The presence of a transponder is validated by ponder systems that provide
three dimensional (or    a signal simultaneously being detected on two of
the limited three dimensional) capabilities. These sys-  three axes. The
system disclosed is not capable of tems utilise a multiplicity of
interrogator coils, each  transmitting data other than a simple presence
detec- coil operating in one of three coordinate axes, to ach-  tion. ieve
three dimensional operation.              10       The systems disclosed do
not generate a uniform U.S. 3,689,885 and U.S. 3,859,624 disclose sys-
field distribution using their interrogation coils. tems wherein, along
each axis, the same coil is used    U.S. 3,859,624 details an elaborate
voltage con- to power the transponder as well as receive data from  trol
circuitry which is considered inappropriate for a the transponder.
Isolation of the powering and receiv-  low cost integratable transponder
system. Figures 1 ing functions is performed by either only powering   15
and 2 show prior art coil arrangements. one axis at any time and using the
other two axes for   AU-B1-85462/75 discloses apparatus having the
receiving data or pulsing powertransmission along an  pre-characterising
features of claim 1. axis and, during the power transmission "OFF" peri-
According to the present invention from one as- od, receiving data back on
the same axis. During the  pect, there is provided apparatus for powering a
"OFF" periods an internal oscillator on the transpond-   20  transponder at
a substantially uniform level of power er generates the transponders
clocking and data car-  substantially irrespective of the transponders
orien- rier signal. Should a transponder be orientated along  tation and
within a volume of space having width, only one axis then the first
interrogation scheme as  height and depth directions, said apparatus
compris- disclosed will not operate fully. No signal from the  ing:
transponder couples Into the other two coil axes and   25  first, second
and third powering coils each for consequently no data is received.
However, only if the  radiating a  respective powering field for reception
by transponders transmitting antenna is not coplanar   the transponder in
one of the width, height and depth with its power receiving antenna would
operation be  directions in said volume of space; and excitation
guaranteed. While non-coplanar transponder coils    means for applying
current to each coil in a predeter- are feasible the practical realization
of them would be   30   mined manner, characterized in that: relatively
expensive. The second  Interrogation         (a) said means for applying
current excites sinu- scheme suffers from an inability to precisely control
soidally any two of the coils at any one time by the clocking and carrier
frequencies used by the        providing a single frequency sine signal to
one of transponder. The frequency of free running or crystal   the coils
and a single frequency cosine signal to oscillators can vary with time. In
addition, crystal os-  35  another of the coils whilstthe unexcited coil is
left cillators are non-integratable and relatively expensive  idle; to
Implement.                                                the excitation is
provided in a sequential U.S. 3,832,530 discloses a parcel or bag sorting
and periodic manner in that the excitation is re- system which utilises the
principle of power absorb-   moved from the coil winding excited for the
ion- tion by the transponder for transmitting data. The in-  40  gest time
and is applied to the previously unex- terrogator antennas are structured
as a cube de-        cited coil; and signed to fit around a conveyor
system. All three axes       each signal exciting the coils is unmodu- are
simultaneously driven from one signal source.      lated; or Three (3)
dimensional operation is achieved by phase    (b) said means for applying
current sinusoidally shifting the interrogation signal to two (2) of the
coil  45  excites three of the coils, one coil with a first sine axes. This
phase change is made only once during        signal at a first frequency,
the other coil with a the interrogation time. For an arrangement of coils
substantially in-phase second sine signal at the powering two or three axes
driven in phase, there will  first frequency and the third coil with a
third, co- be a null direction for which the fields cancel.       sine
signal at the first frequency; and As disclosed, changing the phase of any
single  50       the first and second sine signals are dou- coil shifts the
direction of the null. Without accurately  ble-side band modulated at a low
frequency with defining the null direction before and after shifting, it  a
phase-shifted angle of substantially [err]; or is possible for a
transponder to be poorly coupled into  (c) said means for applying current
excites sinu- the field during both interrogation cycles and fail to be
soidally three of the coils, one coil with a single identified.
55       frequency sine signal, another coil with a single U.S. 3,938,125
describes an anti-pilferage sys-     frequency cosine signal and the third
coil with a tem wherein each of the three coordinate axes has a     signal
marginally different in frequency from the power transmitting antenna and a
receiving antenna.     single frequency sine and cosine signal; and 2   



3                   EP 0 393103 B1                  4 each signal exciting
the coils is unmodu-    time being removed and applied to the previously
lated; or                                          unexcited coil, the
signals being unmodulated (d) said means for applying current excites sinu-
and provided in a sequential and periodic man- soidally three of the coils,
one coil with a single  ner, or frequency first signal, another coil with a
single   5  (b) applying signals all having the same frequen- frequency
second signal and the third coil with a  cy to the three coils, one coil
with a first sine sig- third signal, the signals differing from each other
nal, another coil with a substantially in-phase marginally in frequency;
and                       second sine signal and the third coil with a
cosine each signal exciting coils is unmodulated.   signal, the first and
second sine signals being One of the powering coils may be a solenoid coil.
10  double-side band modulated at a low frequency Each coil may be formed
of a pair of windings of   with a phase shifted angle of substantially
[err] or predetermined configuration, the winding pair being   (c) applying
to the coils unmodulated signals, one positioned adjacent each other in
opposite and facing  coil with a single frequency sine signal, another
configuration. In this case, each winding air may in-  coil with a single
frequency cosine signal, and the clude a separation distance in the range
from 0.1 to  15  third coil with a signal marginally different in fre- two
times a length (d) of one of the winding sides. The  quency from the sine
and cosine signals; or separation distance may be substantially 0.8d. The
(d) applying to the coils unmodulated signals, one predetermined
configuration may be square or rec-     coil with a single frequency first
signal, another tangular or elliptical or circular or C-shaped. The   coil
with a single frequency second signal, and windings of each pair of
windings may be arranged in  20  the third coil with a third signal, the
signals differ- substantially parallel planes. The apparatus may fur-  ing
from each other marginally in frequency. ther comprise a mutual coupling
element in the form    The present invention will now be described, by of
an inductance in series with at least one of said  way of example, with
reference to the accompanying coils for substantially reducing mutual
coupling be-  drawings, in which: tween collsfordifferentdirectional
fields, each induc-  25  Figures 1 and 2 show a prior art arrangement, as
tance being mutually coupled into the magnetic field  hereinbefore
described. of at least one other coil.                            Figures 3
and 4 show a coil spacing to generate The apparatus may further comprise a
receiving  a substantially constant power field in one axis. unit having a
pickup coil and being positioned within  Figure 5 depicts field strength
measurements of the substantially uniform magnetic field. At least a   30
the arrangements of Figures 3 and 4. portion of said pickup coil may be
enclosed in a Fara-  Figures 6a, 8b, 7a and 7b show further field ra- day
shield. Also, the apparatus may further comprise  diator arrangements. Note
Figure 7b shows both ex- coil element(s), the or each element being
provided in  ploded and 3D formed views. series with a respective receiving
coil, the coil ele-  Figure 8 shows an antenna loop. ment being adapted to
reduce the mutual coupling be-  35  Figure 9 shows a parallel connected
antenna tween the receiving coil and the series element and  loop. at least
one of said coils providing said powering field.  Figure 10 shows a series
connected antenna The apparatus may further comprise interference    loop.
element(s), the oreach element being provided inser-  Figures 11 and 12
show two series and two par- les with a respective coil, the interference
element  40  allel, respectively, coil configurations incorporating a being
a further coil adapted to obviate interference  variable inductance.
signals radiating from sources external to said struc-  Figures 13 and 14
show a phase feedback loop. ture.
Figure 15 shows a preferred embodiment of the According to the present
invention from another  variable inductance. aspect there is provided a
method of powering a   45   Figure 16 shows wave forms associated with a
transponder within a volume of space having width,  variable inductance.
height and depth directions, the method providing a   Figure 17 shows one
embodiment of a resonant substantially uniform level of powertothe
transpond-  frequency control circuit. or substantially irrespective of the
transponders ori-  Figure 18 shows another embodiment of a vari- entation
and position within the volume of space, the   50  able inductance. method
comprising providing current to each of first,  Figures 19, 20, 21A and 21
B show an alternative second and third power coils in the width, height and
variable capacitor and its respective waveforms. depth directions
respectively in the volume of space,  Figure 22 shows a system for
cancelling mutual the method being characterized by providing:
coupling between powering coil axes. (a) a single frequency sine signal to
one of the   as  Figure 23 shows a leakage field reduction coils and a
single frequency cosine signal to an-  scheme. other of the coils, and
leaving the third coil unex-  Figure 24 shows a method of reducing the
series cited, the signal applied to a coil for the longest  voltage across
the powering coils or coil pairs. 3  



5                   EP 0 393 103 B1                 6 Figures 25,26Aand 26B
show a method of reduc-  coil should be independent of
transponderorientation ing the coupling to an antenna.
and constant over a volume of space so that rapidly Figure 27 shows a
method of reducing interfer-  moving transponders can be satisfactorily
identified. ence to an antenna.                                   Three
dimensional powering and communication Figure 28 shows the preferred coil
axis excitation   5   structures should be used where transponder orien-
scheme.                                             tation may be random.
Figure 29 shows one method of generating a con-    For situations where the
transponder coil orien- stant magnitude powering field, wherein double side
tation is always in the same plane, only a structure band modulation is on
two axes, continuous wave on  having at least one coil may be necessary.
the third axis.                               10      A method and
apparatus for transmitting data Figure 30 shows another method of
generating a  and/or power using an Inductive powering field may constant
magnitude powering field, wherein sine and  be as follows: cosine is on two
axis, offset frequency continuous    Generally, data or command
instructions can be wave on third axis.
transmitted by modulating an oscillating magnetic Figure 31 shows yet
another method of generat-  15  field. The oscillating field may be also
used to trans- ing a constant magnitude powering field, wherein a  mit
power to an inductively coupled tuned distant unit. marginally different
frequency is on each of three  The distant unit might be a transponder,
actuator or axes.                                              any other
unit. A modulation detector on or in the Figures 32A and 32B show two
preferred trans-  transponder may detect the modulation and so pres- ponder
circuits for detecting modulation of the pow-  20  ent it to appropriate
decoding circuitry (Figures 32A ering field.
and 32B). Figures 33Aand 33B show two preferred circuits     The
transponder may utilise the frequency of the for generating FSK or PSK
modulation of the power-  powering field as a frequency reference for the
gen- ing field.                                         eration of its
internal clocking signals and data carrier Figures 34A, 34B and 34C show
three preferred   25  signal(s). Utilising the powering field as a
frequency circuits for modulating the amplitude of the powering  reference
at all times allows the interrogator to use field for Am, PM or any other
amplitude modulation  coherent detection of the transponder data signal.
scheme.                                            The interrogator's
coherent detection circuitry being The present invention Is advantageously
adapted  similarly locked to the powering field frequency ref- for passive
transponder powering and communica-  30  erence. tion systems and methods,
but the disclosure herein    For an arbitrarily modulated oscillating
magnetic should not be construed as limited to such a trans-  field, the
data rate may be limited by the bandwidth ponder system application. The
application of the  of the transponder. This bandwidth should be suffi-
present invention, however, provides an explanatory  ciently large to allow
a data rate of required number example. Accordingly, further description of
the in-  35  of bits per second. vention will be made in a non-limiting way
with refer-  Preferably, the magnetic field may be phase or ence to such an
application. The present invention al-  frequency modulated because these
do not appreci- lows for powering and/or communication within a    ably
affect the magnitude or intensity of the power space irradiated by a
substantially constant magni-  transmitted from the transmitter to the
receiving unit. tude electromagnetic field.                   40
Frequency, phase, amplitude or pulse width or The simultaneous action of
power transfer and   position modulation or any combination of these can
data orcommand transmission by the same magnetic   be used to modulate the
magnetic powering field (Fig- field may allow the remote control of
electromechan-  ures 33A, 33B, 34A, 34B and 34C). ical devices and
electronic circuits and the remote   To provide a substantially uniform
powering field programming of E2 PROM or conventional CMOS   45  three sets
of coils may be orientated along the X Y memory with battery backup in a
known manner.      and Z axes, respectively. The phase and frequency The
transponder utilises a coil to simultaneously  used to drive these coils
can be carefully controlled pickup the powering magnetic field and transmit
the  to generate a substantially constant magnitude pow- transponders
identifying signal.                   ering  field. Also, to provide a
uniform field over a vol- The voltage picked up by the transponder coil Is
50  ume of space, the magnetic field along each axis is dependent upon the
cosine of the angle between the  generated by one, two or more coils as are
neces- transponder coil axis and the direction of the magnet-  sary.
Preferably, coil pairs are used. The coil size, Ic field.
shape and spacing ratios represent a substantial de- For those applications
where the orientation of  parture from the standard helmholtz coil arrange-
the transponder will be random such as baggage and   55   ment i.e. the two
coils are facing each other but for livestock identification, special
driver coils and coil  coils that are substantially square in shape, they
are drivers are necessary.                             spaced at a distance
in the range 1.2 to 0.5 and pre- Ideally the power transferred to the
transponder  ferably substantially 0.8 times the length of an adja- 4 



7                   EP 0 393 103 B1                 8 cent edge of one of
the coils. This new spacing pro-  ponder is substantially uniform without
regard to vides an adequate field along the coil axis and a sub-
orientation (Figure 30). stantially constantfield overa large fraction of
the vol-  (c) The three coils or coil pairs can be run at three ume
enclosed by the coils. Figure 3 shows such an ar-  slightly different
frequencies. Provided that the -  rangement.
5       magnitude of each axis field is adjusted to com- A uniformly
distributed field over the largest pos-  pensate for the frequency
characteristics of the sible interrogation volume increases identification
re-  transponder, then the power picked up by the liability by providing
constant coupling efficiency over  transponder will be substantially
independent of that volume. Constant coupling ensures both uniform
orientation (Figure 31). data transmission from and powering to of the
trans-  10  (d) The coils or coil pairs can be sequentially or ponderwith
commensurate reductions In voltage con-    cyclically activated such that
at least one coil or trol circuitry on the transponder.
coil pair is active at any point in time. The cycle Figures 7a and 7b show
three sets of coils (in X,  time must be short enough to ensure that a
trans- Y and Z axis) arranged to form a box or ball like struc-  ponder
could not pass through the driving coils ture, through the centre of which
a transponder may  15  without being activated. Rapid cycling of coil ac-
pass. Inside the structure of the present invention,  tivation should
enable the power picked up by a the power transferred to the transponder is
substan-  through passing transponder to be independent tially constant in
magnitude over a well defined vol-  of its orientation. ume within the
enclosed space.                     Options (a) to (d) represent only some
preferred It should be noted that for those applications   20  choices for
substantiallyuniform magnitude powering where the orientation of the tag is
fixed or known,  field. elaborate powering schemes may not be necessary.
Another method and apparatus for generating a Only one coil or coil pair
may be required to provide  uniform magnetic field over a well defined
volume a powering field operatively corresponding in orienta-  suitable for
two or three dimensional inductive pow- tlon to the fixed or known
orientation.       25  ering of a randomly orientated transponder is also
It can be shown that for single frequency sinusoi-  herein described. Note,
all numerical values herein dal magnetic excitation of the three coordinate
axes,  described are approximate and are with reference to there will
always be a null direction i.e. a direction in  preferred embodiments only.
which the field will be zero.                         The coil structures
herein described have been There are several methods by which the constant
30  designed to produce, in magnitude, a substantially magnitude powering
field may be generated; only    uniform magnetic field over a well defined
volume. some of which are detailed below as preferred meth-  The
substantially uniform field strength enables a ods (a) to (d):
uniform voltage to be induced to a transponder or (a) Two of the coils or
coil pairs can be driven at  other unit thereby reducing the demand upon
any vol- a frequency with a phase angle of substantially  35  tage
regulation circuitry that may be required to be [err]. The third coil or
coil pair can be driven at the  carried in the transponder. same frequency
but at a phase angle of substan-    The coil structure shown in Figure 3
consists of tially [err]. The amplitude of the first two coils is  a pairof
coils facing each other. The gap between the then double side band (DSB)
modulated at a low  coils can be chosen to produce the necessary uni-
frequency with a phase angle of substantially 900  40  form field strength.
It has been found that for square between the two amplitudes used to
modulate    and circular coils, a coil spacing in the range 1.2 to 0.5 the
coils. This combination of signals produces a  and preferably substantially
0.8 times the length of circularly polarized magnetic field which rotates
one side (d)orthe diameter(d) of a coil enables a sub- about the axis of
the third coil. By adjusting the  stantially constant field magnitude
distribution to be relative magnitudes of the signals along each   45
obtained along the H field axis between the spaced axis to compensate for
the frequency character-  coils. The field strength at a point up to
substantially istics of the transponder pickup coil, constant  0.25d
perpendicular or laterally to that axis will pro- power independent of
orientation will be absor-  vide a field intensity as shown in Figure 5.
bed by the transponder (Figure 29).                For two or three
dimensional inductive powering, (b) Two of the coils or coil pairs can be
run at the   50   a pair of square or circular coils spaced at 0.8dmay same
frequency phased substantially [err] apart.  beused togeneratethe magnetic
field along each de- This provides a circularly polarized field in the
sired orthogonal axis. When all three coil pairs are axis plane of the two
coils. The third coil or coil  combined to provide a cubic structure, there
will be pair can be run at a slightly different frequency.  therein
provided a small region or point of constant The circularly polarized field
can be tipped on its  55  field magnitude. A cube or sphere within which
field side and proceed to precess about the third coil  intensity varies
only marginally surrounds this con- at the difference frequency between the
two driv-  stant point The cube has a side length of 0.5d (i.e. 2 ing
frequencies. The power picked up by a trans-  x 0.25d) and the sphere has a
radius of 0.5d. Within 



5    9                   EP 0 393 103 B1                  10 this cube or
sphere, the power will vary in magnitude  sine wave current, respectively,
as for the two dimen- substantially 20% greater nearest the powering coils
sional case. Reception of response signals from a and substantially 10%
less in the middle of each side  field excited transponder is performed by
antenna(s) relative to the constant point. Thus, the powering  in the same
axis as the two "on" coil pairs irradiating structure provides a space
within which an accept-   5   the powering field. able powering field is
provided.                        This may produce a circularly polarized
magnetic A more complicated coil pair shown in Figures 6a  field in the
plane of the two excited coil pairs. The po- and 6b may also be used to
further improve the uni-  larized magnetic plane may then be sequenced be-
form distribution of the magnetic field over a larger  tween the three
possible polarization planes. This se- volume of a cubic or spheric
structure. The preferred   10  quencing may be performed in several ways.
Prefer- spacing of the field radiator coils Is 0.4 d, as shown  ably, the
first and second coil pairs can be excited in Figures 6A and 6B. Current
circulating in this coil  with a sine and cosine current, respectively. The
sine palrmaygenerate a field along the H axis substantial-  current
excitation to the first coil pair may then be ly as Indicated. This type of
coil structure comprises  turned off and redirected to the third coil pair.
Subse- coils substantially "C" shaped in side view. Acubic or  15  quently,
the cosine current excitation of the second spheric structure may be formed
from C shaped coils  coil pair can be removed and directed to the first
coil wherein a substantially uniform magnitude field is  pair. This process
of removing excitation from the lon- provided in a cube or sphere, the cube
having sides  gest running coil pair and directing it to the idle coil of
0.7d in length (compared with substantially 0.5d  pair can be repreated in
a continuous or sequential cube for the flat coil structure of Figure 3),
and the   20  manner (Figure 28). The rate of switching should be sphere
having a radius of 0.35 d (compared with sub-  chosen to allow sufficient
time for a randomly orien- stantially 0.25 d for the flat coil structure of
Figure 4).  tated transponder to identify itself. It should be noted A
combination of flat and C shaped coils can provide  that, at each
sequencing interval, the phase of the ex- uniformity within a cube ranging
in size from 0.7d to  citation directed to the Idle coil pair may be
reversed 0.5d or within a sphere ranging in radius from 0.35 d   25  by
[err] without impairing the uniform transferof pow- to 0.25d Within the
cube or sphere, the field will vary  or. Using this method of coil pair
phasing and switch- in Intensity by + 20% to - 10%.                    Ing,
the average power transferred to a transponder Expanding the coil turns so
that a solenoid like  pickup coil may be substantially near uniform and
structure Is achieved may provide a more even field  substantially
independent of the pickup coil's orienta- distribution. Figure 7 shows
three coil structures  30  tion within the powering field. which when
combined together, provide a substantial-  Even though each coil pair is
orthogonally orien- ly uniform field overgreaterthan substantially 0.7d of
tated with respect to the other coil pairs, there will be the coil's cross
section. It should be noted that the  some mutual coupling between coil
pairs. This mu- structure of Figure 7, when combined, will provide  tual
coupling can be substantially reduced by winding powering in three
dimensions as hereinbefore descri-  35  a small compensation coil in series
with the coil pairs bed, but will also have two sides of the 3D cube open
on each axis. The compensation coil is coupled to the to allow entry and
exit passages through which exter-  field of another axis so as to
substantially negate or nal unit(s) can proceed and so be influenced by the
reduce the mutual coupling already existing between 3D field irrespective
of the unit(s) orientation. The  the two respective coil axes. It is
noteworthy that mu- greater the number of coil windings in each orthogo-
40  tual coupling between air cored coils exhibits recipro- nal axis, the
larger the area over which a constant  city. Hence, cancelling the mutual
coupling from axis field is produced. The magnetic field (H) may be gen-  X
to axis Y also cancels it from axis Y to axis X. erated in all three axes
as shown.                    Figure 22 diagrammatically shows a system for
The most preferred two dimensional power field  reducing the mutual
coupling between all three axes. is generated by two orthogonal coil pairs,
the coils be-  45  The degree of coupling to each compensation coil is ing
excited by a sine and cosine wave signal, respec-  varied to null out the
mutual coupling. tively. This produces a circularly polarized magnetic  The
whole powering coil structure may be field in the plane of the two coil
pairs. Power transfer  housed inside a metallic shielded housing. The to a
transponder contained between the coils is sub-  shielding reduces both the
radiation of the magnetic stantially uniform and independent of the axial
posi-  so  powering field from the powering coils and the recep- tion
within the two planes.                       tion of external interference
by the transponder signal For three dimensional powering, three orthogo-
receivers. Ideally, the shielding should be made of a nal coil pairs are
required. Accurate control of the fre-  high conductivity metal such as
copper or aluminium quencyand phase exciting each coil pair is necessary
with a thickness of 4 to 5 skin depths at the powering for generating a
constant magnitude powering field.   55  frequency, preferably about 1 mm.
A preferred method includes exciting two coil      To reduce powering field
leakage from the en- pairs at the same time; the third coil pair remains
Idle.  trance and exit ports of the shielded housing, field 



The two 'on' coil pairs are excited by a sine and co-  cancelling coils
coaxial with the point can be used. 6    11                  EP 0 393 103
B1                     12 Current is directed through these coils so that
the  region. generated field opposes the axial leakage field (Fig-  Figure
9 shows a preferred pair of parallel con- ure 23).
nected antenna loops. Alternatively, the loop pairs Capacitive radiation
from the powering coils can  may be connected In series and the single
ended out- be reduced by minimising the voltage across the   5   put
voltage used as the received signal. A tuning ca- turns of the powering
coils. This may be done by dis-  pacitor may also be used to tune the
series connected tributing the series tuning capacitor along the coil, i.e.
loops. inserting parts of the series tuning capacity in series  Figure
10shows a preferred series connected an- with the powering coil(s) at
points preferably evenly  tenna loop. distributed along the coil length
(Figure 24).  10    Amethod and apparatusfor control of a structure A
method and apparatus for receiving inductive  for two or three dimensional
inductive powering of a RF, code or coded signal(s) transmitted by any num-
remote device by controlling the magnetic field's fre- ber of remote
unit(s) or transponder(s) will now be de-  quency and phase are now to be
described. scribed. The receiving may be carried out simultane-  The
magnetic field can be generated by currents ously by antennas within the
same structure which   15  circulating in specially structured coil pairs,
as de- transmits magnetic power.                          tailed above, or
the field may be generated in any Antenna loop(s) may be adaptively tuned
to the  other conventional way. To improve the current(s) carrierfrequency
and receive the transpondersignal.  within the coil(s), each coil pair Is
tuned to resonance The loop(s) may be shielded with faraday shields to  or
near resonance at an operating frequency. Accu- alleviate stray capacitive
coupling from altering the   20  rate tuning of the coil(s) provides for
more efficient tuned frequency of the loops. Each loop may consist
operation. Control of the resonate frequency may be of one or more coils of
conductor. The loops, If formed  provided by using a variable inductor
(saturable reac- In a structure separate but enclosed by the powering  tor)
orvariable capacitor in series or parallel with each coils, may be arranged
in a manner similar to that of  coil or coil pair. the powering coils,
thereby receiving the transmitted   25  Inductance is varied by a dc
current. Phase sens- signal along each of the orthogonal X,Y or Z axes.A
ing circuitry may monitor the current within the coil pair of loops may be
used for each axis and, in a pre-  pairs and produce a dc current for
controlling the va- ferred form, may be placed one on each side of the
riable inductor. Control of the phase of the currents uniform powering
region. The loop pairs may be     circulating in the coils may be achieved
by the phase placed as closely as possible to the region where in-  30
means. A signal source of required frequency and ductive powering occurs as
this provides a greater  phase drives each coil pair. The variable inductor
en- coupling efficiency between the transponder and the  ables each coil to
be tuned to resonate at substantial- antenna loops. Any variation in signal
transmission  ly the same frequency. The variable inductor may associated
with the position of the transponder may  also provide compensation for
fluctuations in coil tun- be readily corrected by electronic automatic gain
con-  35  ing caused by time, temperature, object proximity, trol circuitry
in a known manner.                  etc. Figure 11 shows two series
configurations and It is preferable that the voltage induced in the an-
Figure 12 shows two parallel configurations incorpor- tenna loops by the
powering field is kept as small as  ating a variable Inductance for
controlling resonant possible to minimise any Influence upon the sensitive
frequency. receiving circuitry. By extending each antenna to  40  With
reference to Figures 11 and 12, Lc1 and Lc2 form a compensation coil,
against the powering coil  are the two coils used to generate the magnetic
field pair in the same axis as the antenna, this induced vol-  along an
axis, Ct is the tuning capacitance and Lv Is tage can be substantially
nulled out (Figure 25).  the variable inductance. It is understood that
these By positioning each compensation coil to pickup  configurations may
also apply if only one or more signals from the other coil axes or by
adding further  45  than two coils are used. compensation coils along the
other axes, any pickup   A small value resistance or current transformer
voltage from the other axes can be substantially nul-  coupled In series
with the tuned circuit can sense the led out (Figures 26A and 26B).
phase of the coil's current. A phase detector can com- Interference from
external sources can be sub-  pare the currents phase and the input
signal's phase, stantially reduced or nulled out by an externally  50  the
output of which can be filtered and provide a dc mounted compensation coil
designed to receive inter-  control current for use by the variable
inductance. fering signals and substract them from the signal  This system
is not a phase locked loop, rather it is a picked up by the antenna loop(s)
(Figure 27).      phase feedback loop. Figure 13 shows a schematic of
Enclosing all compensation coils In Faraday    this type of system and an
example circuit implemen- shields substantially prevents capacitive
coupling  55  tation thereof Is shown in Figure 14. from the powering
coils.                              The variable inductance may preferably
be made 



Figure 8 shows how the antenna loops may be    from two anti-parallel
magnetically isolated coils. Fig- preferably structured around the
inductive powering  ure 15 shows this in stylised form. Two high perme- 7
13                  EP 0 393103 B1                  14 ability cores act as
magnetic paths for the flux gen-  pled into the control winding Lc. erated
by coils L1 and L2. These coils are wound so    If ac voltage couples into
the centre leg because that their fluxs are oppositely directed through the
of uneven winding of L1 and L2, then an inductance control winding Lc. L1
and L2 have the same number  in series with the control winding will
alleviate any up- of turns. Since they are wired in parallel, they both   5
set in the control dc circuitry from this ac voltage. have equal voltages
across them, therefore, the rate   Figure 19 shows a variable capacitor
used to con- of change of flux in their respective toroid cores Is  trol
the coil pair resonant frequency. The capacitance substantially identical.
Consequently, the total flux  is varied by controlling the duty cycle of
the switch change in the control winding is substantially zero  closure SI.
and little, if any, voltage Is induced into the control  10  With reference
to Figure 20, when the voltage winding, even when substantial currents flow
through  across capacitor C in Figure 19 is zero [err] switch S1 LI and L2.
Passing a dc current through the control  closes and stays closed for
period I where upon it winding pre-biases the cores with oppositely
directed  opens. The capacitor C is charged for the remainder fluxes.
During one half of the ac cycle, the dc flux op-  of the cycle by the coil
current. When the capacitor poses the acflux In one core while it aids it
in the other  15  voltage is next zero [err] the switch again recloses for
core. During the second half of the cycle, the ac flux  I. The cycle is
then repeated. The effective capaci- reverses direction and aids the dc
flux in the first core  tance of the switch capacitor combination varies
from while opposing it in the second core. This repeats for  the full
capacitance C when the switch is always open each cycle. If the flux in the
core with aiding flux ex-  to infinite capacitance when the switch is
always ceeds the saturation level, then the dynamic perme-  20  closed.
ability becomes very small and the inductance of the   Figure 21 shows some
practical embodiments of coil wound on to the core is reduced. The
inductance  the variable capacitor. The dc voltage across C varies of the
system is substantially the parallel inductance  with the switching duty
cycle in the circuit shown in of L1 and L2. Hence, the Inductance becomes
very   Figure 21A. The circuit shown in Figure 21 B does not small. While
the inductance may not be constant over  25  suffer from this. a cycle, the
modification of the coil's resonant fre- quencydepends upon the average
inductance percy- cle of thevariable Inductor. Variouswaveformsforthe
Claims variable inductor are shown in Figure 16. When either L1 or L2
saturates, their inductance becomes very  30  1. Apparatus for powering a
transponder at a sub- small and the voltage across them becomes almost
stantially uniform level of power substantially ir- zero. Inductance Is
defined by the voltage induced for  respective of the transponder's
orientation and a rate of change in current. Extracting the fundamen-
within a volume of space having width, height and tal component of voltage
across the inductor for a    depth directions, said apparatus comprising:
fixed sinusoidal current will give the effective induc-  35  first, second
and third powering coils each tance. The effect of higher harmonic terms Is
attenu-  for radiating a respective powering field for recep- ated by the
filtering action of the tuned coils. As the  tion by the transponder in one
of the width, height dc control current is increased, the effective induc-
and depth directions in said volume of space; and tance is reduced from a
maximum unsaturated core     excitation means for applying currentto each
coil value to that of parallel air cored inductors.  40    in a
predetermined manner, characterized in that The preferred arrangement works
well in the ser-      (a) said means for applying current excites si- ies
connected case as shown in Figure 11. In this con-   nusoidally any two of
the coils at any one time figuration, a small inductance with a large
control      by providing a single frequency sine signal to range may
provide adequate control of the tuned coil     one of the coils and a
single frequency cosine pair resonantfrequency. Adequate control, of
course,  45  signal to another of the coils whilst the unex- is dependant
upon the overall system's particular ap-    cited coil is left idle;
plication.                                                    the
excitation is provided in a sequen- The parallel case as shown in Figure 12
may re-       tial and periodic manner in that the excitation quire a large
parallel inductance with a small control   is removed from the coil winding
excited for range to adequately control the resonant frequency.  50  the
longest time and is applied to the previ- This may be achieved by placing a
large fixed induc-     ously unexcited coil; and tance in series with a
smaller variable inductance, as         each signal exciting the coils is
unmo- shown in Figure 17. A standard transformer core can      dulated; or
also be used to construct a variable inductance, as      (b) said
meansforapplying currentsinusoidal- shown in Figure 18. The rate of change
offluxthrough  55  ly excites three of the coils, one coil with a first 



the centre leg from L1 and L2 is constrained to sub-     sine signal at a
first frequency, the other coil stantially zero by the anti-parallel
connection of L1    with a substantially in-phase second sine sig- and L2.
Consequently, relatively no ac voltage is cou-   nal at the first frequency
and the third coil with    13                  EP 0 393103 B1
14 ability cores act as magnetic paths for the flux gen-  pled into the
control winding Lc. erated by coils L1 and L2. These coils are wound so
If ac voltage couples into the centre leg because that their fluxs are
oppositely directed through the  of uneven winding of L1 and L2, then an
inductance control winding Lc. L1 and L2 have the same number  in series
with the control winding will alleviate any up- of turns. Since they are
wired in parallel, they both   5   set in the control dc circuitry from
this ac voltage. have equal voltages across them, therefore, the rate
Figure 19 shows a variable capacitor used to con- of change of flux in
their respective toroid cores Is  trol the coil pair resonant frequency.
The capacitance substantially identical. Consequently, the total flux  is
varied by controlling the duty cycle of the switch change in the control
winding is substantially zero  closure S1. and little, if any, voltage is
induced into the control  10  With reference to Figure 20, when the voltage
winding, even when substantial currents flow through  across capacitor C in
Figure 19 is zero [err] switch S1 LI and L2. Passing a dc current through
the control  closes and stays closed for period I where upon it winding
pre-biases the cores with oppositely directed  opens. The capacitor C is
charged for the remainder fluxes. During one half of the ac cycle, the
dcflux op-  of the cycle by the coil current. When the capacitor poses the
acflux in one core while Itaids it in theother  15  voltage is next zero
[err] the switch again recloses for core. During the second half of the
cycle, the sc flux   I. The cycle is then repeated. The effective capaci-
reverses direction and aids the dc flux in the first core  tance of the
switch capacitor combination varies from while opposing it in the second
core. This repeats for  the full capacitance C when the switch is always
open each cycle. If the flux in the core with aiding flux ex-  to infinite
capacitance when the switch is always ceeds the saturation level, then the
dynamic perme-  20  closed. ability becomes very small and the inductance
of the   Figure 21 shows some practical embodiments of coil wound on to the
core is reduced. The inductance  the variable capacitor. The dc voltage
across C varies of the system is substantially the parallel inductance
with the switching duty cycle in the circuit shown In of L1 and L2. Hence,
the inductance becomes very    Figure 21A. The circuit shown in Figure 21B
does not small. While the inductance may not be constant over  25  suffer
from this. a cycle, the modification of the coil's resonant fre- quency
depends upon the average inductance percy- cle of the variable inductor.
Various waveforms forthe  Claims variable inductor are shown in Figure 16.
When either L1 or L2 saturates, their inductance becomes very  30  1.
Apparatus for powering a transponder at a sub- small and the voltage across
them becomes almost       stantially uniform level of power substantially
ir- zero. Inductance is defined by the voltage induced for  respective of
the transponders orientation and a rate of change in current. Extracting
the fundamen-  within a volume of space having width, height and tal
component of voltage across the inductor for a     depth directions, said
apparatus comprising: fixed sinusoidal current will give the effective
induc-  35  first, second and third powering coils each tance. The effect
of higher harmonic terms is attenu-  for radiating a respective powering
field for recep- ated by the filtering action of the tuned coils. As the
tion by the transponder in one of the width, height do control current is
increased, the effective induc-  and depth directions in said volume of
space; and tance is reduced from a maximum unsaturated core
excitation means for applying current to each coil value to that of
parallel air cored inductors.  40     in a predetermined manner,
characterized in that The preferred arrangement works well in the ser-
(a) said means for applying current excites si- ies connected case as shown
in Figure 11. In this con-    nusoidally any two of the coils atany one
time figuration, a small inductance with a large control       by providing
a single frequency sine signal to range may provide adequate control of the
tuned coil      one of the coils and a single frequency cosine pair
resonant frequency. Adequate control, of course,  45  signal to another of
the coils whilst the unex- is dependant upon the overall system's
particular ap-     cited coil is left idle; plication.
the excitation is provided in a sequen- The parallel case as shown in
Figure 12 may re-       tial and periodic manner in that the excitation
quire a large parallel inductance with a small control    is removed from
the coil winding excited for range to adequately control the resonant
frequency.  50   the longest time and is applied to the previ- This may be
achieved by placing a large fixed induc-      ously unexcited coil; and
tance in series with a smaller variable inductance, as          each signal
exciting the coils is unmo- shown in Figure 17. A standard transformer core
can       dulated; or also be used to construct a variable inductance, as
(b) said means for applying current sinusoidal- shown in Figure 18. The
rate of change of flux through   55  ly excites three of the coils, one
coil with afirst 



the centre leg from L1 and L2 is constrained to sub-      sine signal at a
first frequency, the other coil stantially zero by the anti-parallel
connection of L1     with a substantially in-phase second sine sig- and L2.
Consequently, relatively no ac voltage is cou-    nal at the firstfrequency
and the third coil with 8    15                  EP 0 393103 B1
16 a third, cosine signal at the first frequency;  9. Apparatus as claimed
in anyof Claims 2 to 8, fur- and
ther comprising a receiving unit having a pickup the first and second sine
signals are       coil and being positioned within the substantially
double-side band modulated ata lowfrequen-       uniform magnetic field. cy
with a phase-shifted angle of substantially   5 [err]; or
10. Apparatus as claimed in Claim 9, wherein atleast (c) said means for
applying current excites si-  a portion of said pickup coil is enclosed in
a Fara- nusoidally three of the coils, one coil with a   day shield. single
frequency sine signal, another coil with a single frequency cosine signal
and the third   10  11. Apparatus as claimed in Claim 9 or 10, further coil
with a signal marginally different in fre-  comprising coil element(s), the
or each element quency from the single frequency sine and        being
provided in series with a respective receiv- cosine signal; and
ing coil, the coil element being adapted to reduce each signal exciting the
coils is unmo-     the mutual coupling between the receiving coils dulated;
or                              15      and the series element and at least
one of said (d) said means for applying current excites si-  coils
providing said powering field. nusoidally three of the coils, one coil with
a single frequency firstsignal, another coil with  12. Apparatus as claimed
In Claim 9 or 10, further a single frequency second signal and the third
comprising interference element(s), the or each coil with a third signal,
the signals differing   20  element being provided in series with a respec-
from each other marginally in frequency; and     tive coil, the
interference element being a further each signal exciting coils is
unmodulat-    coil adapted to obviate interference signals radi- ed.
ating from sources external to said structure. 2. Apparatus as claimed in
Claim 1, wherein one of  25   13. A method of powering a transponder within
a vol- the powering coils is a solenoid coil.              ume of space
having width, height and depth di- rections the method providing a
substantially uni- 3. Apparatus as claimed in Claim 1 or 2, wherein
form level of power to the transponder substan- each coil is formed of a
pair of windings of prede-  tially irrespective of the transponder's
orientation termined configuration, the winding pair being   30  and
position within the volume of space, the positioned adjacent each other in
opposite and      method comprising providing current to each of facing
configuration.                               first, second and third power
coils in the width, height and depth directions respectively in the 4.
Apparatus as claimed in Claim 3, wherein each        volume of space, the
method being characterized winding pair Includes a separation distance in
the   35  by providing: range from 0.1 to two times a length (d) of one of
(a) a single frequency sine signal to one of the the winding sides.
coils and a single frequency cosine to another of the coils, and leaving
the third coil unexcit- 5. Apparatus as claimed in Claim 4, wherein the
ed, the signal applied to a coil for the longest separation distance is
substantially 0.8d.  40         time being removed and applied to the
previ- ously unexcited coil, the signals being unmo- 6. Apparatus as
claimed in any of Claims 3, 4 and          dulated and provided in a
sequential and per- 5, wherein the predetermined configuration is
iodic manner, or square or rectangular or elliptical or circular or C-  (b)
applying signals all having the same fre- shaped.
45         quency to the three coils, one coil with a first sine signal,
another coil with a substantially 7. Apparatus as claimed in any of Claims
3 to 6,          in-phase second sine signal and the third coil wherein
thewindings of each pair of windings are         with a cosine signal, the
first and second sine arranged in substantially parallel planes.
signals being double-side band modulated at 50         a low frequency with
a phase shifted angle of 8. Apparatus as claimed in any of Claims 3 to 7,
fur-     substantially [err]; or ther comprising a mutual coupling element
in the       (c) applying to the coils unmodulated signals, form of an
inductance in series with at least one      one coil with a single
frequency sine signal, of said coils for substantially reducing mutual
another coil with a single frequency cosine coupling between coils for
different directional  55   signal, and the third coil with a signal
margin- 



fields, each inductance being mutually coupled         ally different in
frequency from the sine and into the magnetic field of at least one other
coil.    cosine signals; or (d) applying to the coils unmodulated signals,
9    17                 EP 0 393103 B1                  18 one coil with a
single frequency first signal,    und die dritte Spule miteinem Signal, das
sich another coil with a single frequency second       nurmarginal in der
Frequenz von dereinzigen signal, and the third coil with a third signal,
the  Frequenz des Sinus- und Kosinussignals un- signals differing from each
other marginally in   terscheidet; und frequency.
s         jedes die Spulen anregende Signal unmodu- ledrt ist oder (d) das
Mittel zum Anlegen des Stroms drel PatentansprOche
der Spulen sinusfonmig anregt, sine Spule mit elnem ersten Signal mit einer
einzigen Frm- 1. Vorrichtung zum Aktivieren eines Senders aufoln  io
quenz, emne andere Spule mit einem zweitsn im wesentlichen gleichf8rmiges
Leistungsni-          Signal mit einer einzigen Frequenz und die veau, im
wesentlichen unabhangig von der Ofi-        drints Spule mit einem dritten
Signal, wobei entlerung des Senders und innerhalb sines            sich die
Signals jeweils nur marginal in ihrer Raumvolumens mit einer
Breitsnrichtung, einer        Frequenz voneinander unterscheiden; und
H-o8henfichtung und einer Tiefennichtung, wobei  15  jedes die Spulen
anregende Signal unmodu- die Vonichtung folgendes umfalt:
liert btL erste, zweibt und dritte Aktivierungsspulen je- wells zum
Ausstrahlen sines entsprechenden Ak-  2. Vorrichtung nach Anspruch 1,
dadurch gekenn- tivierungsfeldes zum Empfangen durch den Sen-     zeichnet,
daB eine der Aktivierungsspulen eine der In der Breitenrichtung,
Hohenrichtung odsr  20  Solenoid-Spule ist. Tiefenrichtung in besagtem
Raumvolumen; und Anregungsmittel zum Anlegen sines Stroms an    3.
Vorfichtung nach Anspruch I oder2, dadurch ge- jede Spule In einer
vorherbestimmtsn Art da-      kennzeichnst, daB jede Spule aus einem Paar
durch gekennzeichnet, dae:                        von Wicklungen einer
vorherbestimmten Konfi- (a) des Mittel zum Anlegen des Stroms sinus-  25
guration gebildet ist, wobei das Wicidungspaar formig Irgendwelche zwel der
Spulen zu Ir-      benachbartzueinander in siner umgekehrtsn und gendeinem
Zeitpunkt durch Liefern eines Si-     sich gegenulberstehenden Anordnung
positio- nussignals mit einer einzigen Frsquenz zu si-   niert lst. ner der
Spulen und sines Kosinussignals mit einer slnzigen Frequenz zu einer
anderen der  30  4. Vornichtung nach Anspruch 3, dadurch gekenn- Spulen
anregt, wfihrend die nicht angeregts    zeichnet, daB Jedes Wicklungspaar
sinen Tren- Spule untatig bleibt;                           nungsabstand in
dem Bereich von 0 bis zwelmal die Anregung in einer aufeinanderfolgenden
sins LfAnge (d) einerderWicklungsseiten enthilt. und periodischen Weise
geliefertwird, so daB die Anregung von der Spulenwicklung, die fOr  35  5.
Vomrichtung nach Anspruch 4, dadurch gekenn- die lingste Zeitdauer angerogt
ist, entfsrnt    zeichnet, daB der Trennungsabstand Im wesent- und auf die
zuvor nichtangeregte Spule ange-   lichen 0,8 d betragt. Iegt wird; und
jedes die Spulen anrogsnde Signal unmodu-   6. Vorfichtung nach Irgendeinem
der Anspruche 3, liert ist; oder                        40      4 und 5,
dadurch gekennzelchnet, daB die vor- (b) des Mittel zum Anlegen des Stroms
sinus-    herbesti mitAnordnung quadratisch oderrecht- formig drei der
Spulen anregt, sine Spule mit   eckig oder ellipsoid oder kreisformig oder
Cfor- sinem ersten Sinussignal bei elnerersten Fre-   mig isL quenz, die
andere Spule mit einem im we- sentlichen gleichphasigen zweiten Sinussl-
45  7. Vomrichtung nach irgendeinem der Anspruche 3 gnal an der ersten
Froquenz und die dritte      bis 6, dadurch gekennzeichnet, daB die
Wicklun- Spule mit oinem drittsn Kosinussignal an der    gen jedes
Wicklungspaars in im wesentlichen ersten Frequenz; und
parallelen Ebenen angeordnet sind. das erste Sinussignal und das zweitb
Sinus- signal mit einer niedrigen Frequenz und ei-  50  8. Vorichtung nach
irgendeinem der Ansprflche 3 nem phasenverschobenen Winkel von Im we-
bis 7, gsksnnzeichnet durch sin transformatori- sentlichen 900
zwei-sitenbAndig moduliert       aches Kopplungselement in der Form einer
In- sind; oder                                      duktionsspule In Reihe
mit zumindest einer der (c) das Mittel zum Anlegen des Stroms sinus-
Spulen zum erheblichen Reduzieren der gegen- 



f6rmig drel der Spulen anrmgt, sine Spule mit  58  seitigen Kopplung
zwischen den Spulen fOr un- einem Sinussignal mit siner einzigen Fro-
terschiedliche Feldfichtungen, wobel alle Induk- quenz, sine andere Spule
mit sinem              tionsspulen gegenseitig gekoppelt sind, jeweils
Kosinussignal mit einer sinzigen Frequenz       Ober das Magnetfeld
zumindest elner anderen 10    19                 EP 0 393103B1
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sentlichen gleichphasgaes zweites Sinussl- gnal an  eine andere Spule und
sin 9. Vorrichtung nach irgendeinem der Ansprliche 2        Kosinussignal
an die dritte Spule, wobel das bis 8, gekennzeichnet durch sine
Empfangsoin-       erate und das zweibt Sinussignal mit elner hlt, die sine
Pickup-Spule aufweist und inner-   5  niedrigen Frequenz und einem
phasenver- halb des Im wesentlichen glelchformigen Ma-         schobenen
Winkel von im wesentlichen 900 gnetfeldes angeordnet bt.
zwei-seltbnbandig moduliert werden; oder (c) Anlegen von unmoduliertbn
Signalen an 10. Vorrichtung nach Anspruch 9, dadurch gekenn-        die
Spulen, ein Sinussignal mit einer einzigen zehchnet, daui zumindestsin
Berelch der Pickup-  io  Frequenz an elne Spule, ein Kosinussignal Spule
von elner Faraday-Abschirmung um-             mit einer einzlgen Frequenz
an sine andere schlossen at.                                       Spule
und eln Signal, das sich nur marginal in der Frequenz von dem Sinus- und
11. Vorrichtung nach Anspruch 9 oder 10, gekenn-        Kosinussignal
unterscheidet, an die dritte zeichnet durch ein Spulenelement oder Spulen-
15   Spule; oder elemente, wobei das oderjedes Element in Reihe      (d)
Anlegen von unmodulierten Signalen an mit einer entsprechenden
Empfangsspule berelt-      die Spulen, ein erstes Signal mit einer einzi-
gestelit ist, das Spulenelement zum Reduzieren      gen Frequenz an eine
Spule, ein zweites Sl- der gegenseitigen Kopplung der Empfangsspu-
gnal mit elner einzigen Frequenz an sine an- Ion und der Reihenelemente
gesignet bat und zu-  20  dere Spule und ein drittes Signal an die dritte
mindest eine der Spulen das Aktivierungsfeld le-    Spule, wobel sich die
Signale jewelIs vonein- fort.
ander marginal in der Frequenz unterachei- den. 12. Vorrichtung nach
Anspruch 9 odor 10, gekenn- zelchnot durch es lnterferenzelement oder
Inter-  25 ferenzelemente, wobel das oderjedes Element In  Revendlcations
Reihe mit einer entaprechenden Spule bereltge- stellt Ist und dus
Interferenzelement eine weitore  1. Dlspositif d'alimentation d'un
r6pondeurd'identi- Spule iat, die zum Verhindern der Abstrahlung
ficatbon a un niveau sensiblement uniforme de von lnterferenzsignalen von
Quellen au~erhalb  3o  puissance, pratiquement ind6pendamment de des
Aufbaus geeignst itt                          I orientatlon du
repondeurd'identification et dana un volume d'espace ayant des directions
de lar- 13. Verfahren zum Aktivleren eines Senders inner-    geur, de
hauteur et de profondeur, ledit dispositif halb sines Raumvolumens mit
einer Breiten-, ei-   comprenant: ner Mehen- und einer Tiefenrichtung,
wobel das  35     des premiere, deuxieme et troisieme bobi- Verfahren ain
im wesentlichen gleichformiges      nos d'alimentation, servant chacune A
irradier un Leistungsniveau an den Sender liefert, im we-     champ
d'alimentation respectif de reception par sentlichen unabhangig von der
Orientierung des   le r6pondeurd'identiflcation dana l'une des direc-
Senders und der Position innerhalb des Raumvo-    tIons de largeur, hauteur
et profondeur duns ledit lumens, das Verfahren das Liefern von Strom an
40  volume d'espace; et un moyen d'excitation ser- jede der ersten, zweiten
und dritten Aktivierungs-  vant A appliquer du courant A chaque bobine
spulen in der Breiten-, H8hen- bzw. Tiefenrich-   d'une maniere
pr6d6termin~e, caracterise en ce tung in dem Raumvolumen umfa~t und gekenn-
que: zeichnet ist durch:                                 a) ledit moyan
servant A appliquer du courant (a) Liefern sines Sinussignals mit alner
sinzi-  45  excite de maniere sinuaoddale deux bobines gen Frequenz an sine
der Spulen und sines         quelconques parmi lea bobines, a un moment
Kosinussignals mit einer einzigen Frequenz        quelconque, en
fournissant un signal sinusoT- an  sine  andere  der  Spulen  und
dal A fr6quence unique A l'une des bobines et Unangeregtlassen der dritten
Spule, wobei         un signal cosinusoidal A frequence unique, A das fur
die langste Zeitauer an eine Spule  5o    une autre bobine tandis que la
bobine non ex- angelegte Signal entfernt und an eine zuvor       citee est
laissee au repos; nicht angeregte Spule angelegt wird und die
l'excitation est fournie de maniere s6- Signals unmoduliert sind sowba in
elner auf-      quentielle et periodique, par le fait quo l'exci- 



elnanderfolgenden und periodischen Weiss          tation eat 6limin6e de
lenroulementde bobine bereitgestellt werden; oder            65
excite pendant la plus longue periode et eat (b) Anlegen von Signalen, die
alle die gleiche    appliquee A la bobine non excit6e au preala- Frequenz
haben, an die drel Spulen, sin er-       ble; et stes Sinussignal an sine
Spule, sin im we-             chaque signal excitant les bobines 11    21
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L  M   S* n'est pas modul6; ou                            liptique,
circulaire ou en C. b) ledit moyen servant a appliquer du courant de
manlere sinusoidale excite trois des bobi-  7. Dispositif selon l'une
quelconque des revendica- nes, une bobine avec un premier signal sinu-
tions 3 a 6, dans lequel lea enroulements de cha- soTdal A une premibre
frequence, I'autre bobl-   5  que couple d'enroulements sont disposes dans
ne avec un deuxieme signal sinusot-dal sensi-   des plans sensiblement
paralleles. blement en phase a la premiere fr6quence et la trolsieme bobine
avec un trolsibme signal  8. Dispositif selon l'une quelconque des
revendica- cosinusoidal A la premiere frequence; et        tions 3 A 7,
comprenant en outre un element de lee premier et deuxieme signaux sinu-  to
couplage mutuel se presentant sous la forme soidaux sont modules A deux
bandes lat6ra-      d'une inductance en sene avec au moins l'une les a une
faible frequence, avec un angle de    desdites bobines, pour reduire
sensiblement le dephasage sensiblement egal A 90; ou           couplage
mutuel entre les bobines pour diffe- c) ledit moyen servant A appliquer un
courant   rents champs directionnels, chaque inductance excite de maniere
sinusoidale trois des bobi-  i5  etant couplee mutuellement dana le champ
ma- nes, une bobine avec un signal sinusoddal A     gn6tique d'au moins une
autre bobine. frequence unique, une autre bobine avec un signal
cosinusocrdal A frequence unique et la  9. Dispositif selon l'une
quelconque des revendica- troisieme bobine avec un signal diffirent de
tions 2 A 8, comprenant en outre un ensemble de facon marginale en ce qui
concerne sa fre-  20  receptlon comportant une bobine exploratrice et
quence par rapport aux signaux sinusoddal et    etant dispose dans le champ
magnetique sensi- cosinusoidal a frequence unique; et             blement
uniforme. chaque signal excitant les bobines n'est pas module; ou
10. Dispositifselon la revendicatlon 9, dana lequel au d) ledit moyen
d'application de courant excite  25  moins une partie de ladite bobine
exploratrice est de manibre sinusoidale trois des bobines, une   renfenmme
dans une cage de Faraday. bobine avec un premier signal A frequence unique,
une autre bobine avec un deuxibme    11. Dispositif selon la revendication
9 ou 10, compre- signal A frequence unique et la trolsibme bo-   nant en
outre un ou plusleurs elements de bobl- bine avec un troisibme signal, les
signaux   so  ne, le ou chaque element etant pr6vu en serie Atant
differents entre eux de maniere margi-    avec une bobine de reception
respective, I'elA- nale en ce qui concerne leur frequence; et      ment de
bobine Atant adapte pour reduire le cou- chaque signal excitant les bobines
plage mutuel entre les bobines de reception et n'est pas modulA.
I'element en serie et au molns l'une desdites bo- s5      bines fournissant
ledit champ d'allmentation. 2. Dispositif selon la revendication 1, dana
lequel l'une des bobines d'alimentation est une bobine  12. Dispositifselon
la revendication 9 ou 10, compre- de soleno~de.
nant en outre un ou plusleurs Alements d'interfe- rence, le ou chaque
Alement d'interference Atant 3. Dispositif selon la revendication I ou 2,
dana le-  40  prhvu en serle avec une bobine respective, I'ele- quel chaque
bobine eat constitube d'un couple      mentd'Interference tant une autre
bobine adap- d'enroulements ayant une configuration prede-     tee pour
supprimer des signaux d'interference terminee, les deux enroulements Atant
disposes     rayonnes par des sources exterieures A laditb de manlbre
adjacent. l'un A l'autre, solon une     structure. configuration opposee et
se falsant face.  45 13. Procede d'alimentation d'un repondeurd'identifi-
4. Dispositif selon la revendication 3, dans lequel   cation dans un volume
d'espace ayant des direc- chaque couple d'enroulements comprend une
tions de largeur, hauteur et profondeur, le proce- distance de separation
comprise dans la plage al-  de fournissant un niveau sonsiblement uniforme
lant de 0 A deux fois la longueur (d) de l'un des  5o  de puissance au
repondeur d'ldentification, pra- c6tes d'enroulement.
tiquement independamment de lbrientation et de 



la position du repondeur d'identification dons le 5. Dispositif selon la
revendication 4, dans lequel la  volume d'espace, le procede comprenant
l'ame- distance de separation est sensiblement 0,8 d.     nee d'un courant
A chacune des premibre, 6s      deuxibme et troisieme bobines
d'alimentation, 6. Dispositif salon l'une quelconque des revendica-
respectivement dens les directions de largeur, tions 3, 4 et 5, dana lequel
la configuration pre-  hauteur et profondeur dana le volume d'espace,
determinee a une forme carrds, rectangulaire, el-  le proc6de etant
caracterise par: 12    23                 EP 0 393103 B1                 24
I 1111111 filM  1111 liii Jill *c   L  11  s* a) I'amen6e d'un signal
sinusoTdal A fr6quen- co unique A l'une des bobines ot d'un signal
cosinusoldal a frequence unique A une autre des bobines, ot la non
excitation de la troisil- me boblne, le signal appliquo A une bobine   6
pendant la plus longue p6riode etant ollmine et applique A la bobine non
excitee au preala- ble, les signaux n'etant pas modules et 6tant fournis de
nmaniure sequentielle et perlodique; OU
10 b) I'application de signaux ayanttous la mime fr6quence aux trois
bobines, une bobine avec un premier signal sinusoidal, une autre bobi- no
avec un deuxibme signal sinusoidal sensl- blement en phase et la trolsibme
bobine avec  15 un signal cosinusoidal, les premier et deuxib- me signaux
sinusoidaux 6tant modules A doux bandes laterales A faible frequence, avec
un angle do dephasage sensibiement ogal A 900; OU
20 c) rapplication aux bobines de signaux non modules, une bobine avec un
signal sinusot- dal A fr~quenco unique, une autre bobine avec un signal
cosinusoidal A frequence uni- que et la troislime bobine avec un signal
mar-  25 ginalement different en ce qui concerne sa frequence par rapport
aux signaux sinusoidal et cosinusoidal; ou d) l'appllcation aux bobines de
signaux non modulhs, une bobine avec un premier signal  3o A frequence
unique, une autre bobine avec un deuxilme signal a frequence unique et la
troi- sibme bobine avec un troisieme signal, les si- gnaux itant differents
entre eux de fagon marginale en ce qui concerno leurfr6quence.  35 40 45 50
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