Office de la Proprieté Canadian CA 2696413 C 2014/09/02

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 696 41 3
fndutie Canada Industy Canada 12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de dépét PCT/PCT Filing Date: 2008/09/23 (51) CLInt./Int.Cl. GOTV 3/12(2006.01),
(87) Date publication PCT/PCT Publication Date: 2009/04/02 HO3J 3/20(2006.01), GO6Q 70/06(2012.01),

HOT1Q 1/50(2006.01)

(45) Date de délivrance/lssue Date: 2014/09/02 _
(72) Inventeurs/Inventors:

(85) Entree phase nationale/National Entry: 2010/02/12 TUCKER, RANDALL L., US:
(86) N° demande PCT/PCT Application No.: US 2008/011002 CARROLL, GARY T., US;

o o CARROLL, JOHN T., US
(87) N publication PCT/PCT Publication No.: 2009/042109 o

e (73) Proprietaire/Owner:

(30) Priorité/Priority: 2007/09/24 (US60/994 834) COOPER TIRE & RUBBER COMPANY, US

(74) Agent: G. RONALD BELL & ASSOCIATES

54) Titre : SYSTEME AUTOMATIQUE D'ACCORD D'ANTENNE POUR RFID
54) Title: AUTOMATIC ANTENNA TUNER SYSTEM FOR RFID

121

102

101 103 104 105 106
4 / / 107
PWM out ' . -

Clk In

AN O A 0 4

Countet In

(57) Abréegée/Abstract:

An automatic antenna tuner system for radio frequency identification system includes a pulse width modulator, a microprocessor
for controlling the generation of a source signal from the modulator, capacitors for receiving the source signal from amplifiers and
transmitting It to an inductor, a gate communicating with the capacitors for transmitting a resonating signal from the inductor and
capacitors as a carrier sighal and means for gating the carrier signal with the source signal to produce a compared signal to
produce a string of pulses and means for varying capacitance to increase or decrease the count of the string of pulses.

B
.
'
e
BTN .
N : "c'-'-.n:‘-:{\: e L~
0

A7 /7]
o~

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




CA 02696413 2010-02-12

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [~
International Bureau %

(43) International Publication Date
2 April 2009 (02.04.2009)

(10) International Publication Number

WO 2009/042109 Al

(51) International Patent Classification: (74) Agents: PACELLA, Patrick, P. et al.; EMCH, SCHATF-
HO0I1Q 1/50 (2006.01) FER, SCHAUB & PORCELLO CO., L.PA., P.O. Box 916,
Toledo, OH 43697 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2008/011002 kind of national protection available): AE, AG, AL, AM,
AQO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
(22) International Filing Date: CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ., EC, EE,
23 September 2008 (23.09.2008) EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, L.C, LK,
(25) Filing Language: English LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
(26) Publication Language: English RO, RS, RU, 8C, SD, SE, SG, SK, SL, SM, ST, SV, SY, '1J,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: ZW.
60/994,834 24 September 2007 (24.09.2007) US (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): COOPER GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
TIRE & RUBBER COMPANY [US/US]J; 701 Lima Av- ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, 1J, TM),
enue, Findley, OH 45840 (US). European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
(72) Inventors: TUCKER, Randall, L.; 7440 Township Road NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG,
95, Findlay, OH 45840 (US). CARROLL, Gary, T.; 613 CL, €M, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
August Drive, Louisville, CO 80027 (US). CARROLL, Published:

John, T.; 626 Barberry Drive, Longmont, CO 80503 (US).

(54) Title: AUTOMATIC ANTENNA TUNER SYSTEM FOR RFID

wO 2009/042109 A1 I DU RE AR A0 YRR AL 0

1'/21
_ 101 102
PWM out}
Clk In} _ )
- 111 112
_
FIG. 1 tEdI]
o 131- ., -
- Counter.In} —d ./}
AL 110

with international search report

109

(57) Abstract: An automatic antenna tuner system for radio frequency identification system includes a pulse width modulator, a
microprocessor for controlling the generation of a source signal from the modulator, capacitors for receiving the source signal from
amplifiers and transmitting it to an inductor, a gate communicating with the capacitors for transmitting a resonating signal from the
inductor and capacitors as a carrier signal and means for gating the carrier signal with the source signal to produce a compared signal
to produce a string of pulses and means for varying capacitance to increase or decrease the count of the string of pulses.



10

15

20

25

30

CA 02696413 2013-04-18

1

AUTOMATIC ANTENNA TUNER SYSTEM FOR RFID

FIELD OF THE INVENTION

The present invention relates to antenna tuning systems and, in particular, to an

automatic antenna tuner system for Radio Frequency Identification (RFID).

BACKGROUND OF THE INVENTION

In the manufacture and use of RFID (Radio Frequency Identification), the technology
is divided into two major groups; The first group is Passive Tags thét gather their power from
close coupling to a reader, thus enabling them to transmit or reflect information back to the
reader. The second group is Active Tags, which have their own power storage capability like
a battery, capacitor or other devices. The active tag is queried with an RF signal generated
by the reader requesting the tag to transmit the data, which data is received by the reader.
Passive tags typically have a range of a few inches up to a meter. Active tags can transmit
tens of meters but have a limited life due to the battery limits. The active tag has a limited life
due to the battery or capacitor's limited shelf life.

The prior art includes a number of patents directed to antenna tuning for an RFID
system. Among these is U.S. Pat. No. 5,491,715 which provides a method and system for
matching the resonant frequency of an antenna resonant circuit to the output frequency of a
transmitter output. A powering signal is transmitted to the antenna resonant circuit, which
circuit includes a tuning circuit which is operable to variably modify the resonant frequency of
the resonant circuit. At its output the antenna resonant circuit provides a phase correlation
signal having a known relationship to the frequency difference between the resonant
frequency and the powering signal. A phase comparative then receives the powering signal
and the phase correlation signal and correspondingly adjusts the resonant frequency of the

resonant circuit based upon the known phase relationship.

SUMMARY OF THE INVENTION
The Automatic Antenna Tuning device of the present invention provides (1) a wake-up
signal for the active RFID transponder tags and (2) power to operate passive RFID

transponder passive tags or multitude of sensors, receivers, transmitters or other electrical or

electronic devices.
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The antenna tuner of the present invention can power up a passive tag out to four feet
In a field of 30 by 60 feet and can be used to wake up an active transponder tag that uses no
battery current until awakened, thereby increasing its life over the expected life had it been in
the continually awakened state.

Under the present invention, a power generating system is used to control a remotely
operated loop antenna. The loop antenna generates an electromagnetic field that can be used
to power up RFID transponder tag devices, sensors, receivers, transmitters or other electrical
or electronic devices. This concept i1s to have large numbers of'these remote electronic
devices located on shelves, racks, pallets, etc., collecting data, reporting back to a central
computer for management to track the operations of the facility. These electronic devices are
typically without batteries and therefore require minimal or no maintenance. Some devices will
have a battery but are totally asleep, drawing little or no current, and are awakened by the
electromagnetic signal from the loop antenna in the ceiling, walls or floor.

In order to be efficient, the loop antenna should be of the highest quality or "Q factor”.
Q is aratio of inductance reactance divided by its resistance. With this relationship, the lower
the resistance of the coil (wire) the higher the Q or quality of the loop. This means that the
tuning is critical and must be maintained at all times. A remote power generating loop antenna
in a facility can easily be affected by the environment that it is in. If large metal shelves or
products are moved away from or moved near the antenna, the tuning can be effected. The
efficiency of the antenna can be severely affected to a point where it is no longer tuned to the
peak and therefore not able to perform its required function.

The need to re-tune the loop antenna is important in order to maximize the generation
of power at all times. As equipment is relocated in the facility and the power generation
antenna becomes detuned, the efficiency is reduced. A worker will have to manually go out
to the factory from time to time to optimize the loop antenna's tuning.

Under a preferred embodiment of the present invention, when the power is generated
by the antenna, it will be electro-magnetically coupled to the remote electronic devices that are
positioned throughout the facility. If the loop antenna can be automatically re-tuned every time
a piece of equipment is relocated in the local area, then the efficiency of the passive electronic
device is maintained at a peak and the need to manually adjust the loop antenna is negated.

The automatic antenna tuner of the present invention is designed to test the resonance
of the loop antenna at predetermined intervals to maintain the integrity of the loop antenna.

Then when the computer system that is doing an inquiry of the area needs to power up the
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electronic devices positioned throughout the facility, the loop antenna will work efficiently as
designed to power up such RFID transponder tags or other electronic devices.

The electromagnetic field generated by the antenna could also be encoded to provide
instructions to the receiving device to turn-on, turn-off, or to perform some other specific task
or operation such as store new data in memory, erase memory or go to sleep.

One preferred embodiment of the present invention is to increase the capability over
current battery technology by maintaining an ongoing charge to power remotely positioned
electronic devices, thereby providing a potentially infinite shelf life for such devices. This will
have significant advantages in reliability of the utilizing equipment. The present invention could
also provide an external power source for medical, biomedical, night vision, GPS, radios,
sensors, actuators and intelligence gathering technologies.

Electromagnetic field antennas are typically used to power up an RFID transponder tag
so as to read back the identification of the user or device. One preferred embodiment of the
present invention is to place an antenna in the ceiling, walls or floor of a warehouse, factory
or shipping/receiving dock. RFID transponder tag devices, sensors, receivers, transmitters or
other electrical or electronic devices are placed within the field of these antennas and are
powered up or awakened by their antennas from time to time. When these RFID transponder
tags or other electronic devices are awakened, they will transmit back their data to the
computer system that is controlling these antennas.

The automatic tuning system of the present invention includes a microprocessor that
is in communication with a main computer. The main computer will, from time to time, signal
the automatic tuning system to wake up the RFID devices, sensors, receivers, transmitters or
electrical or electronic devices in its area and send back the received data to the computer.

The microprocessor will power up the antenna by driving current into the antenna at
a prescribed frequency. As an example, the antenna could be driven at a frequency of 125
kHz. The software with the microprocessor will then look at the phase of the driving or source
signal and compare it with the resulting phase of the carrier signal on the antenna. If they are
close to 90 degrees out of phase from each other, then the antenna is tuned properly. If the
signals are not 90 degrees out of phase, the microprocessor will either add or remove

capacitance to properly tune the antenna.

Accordingly, as an aspect of the present invention, there is provided an

automatic antenna tuning system comprising (@) a pulse width modulator;
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(b) a microprocessor for controlling the generation of frequency of a source signal from
said modulator; (¢) an inductor; (d) a plurality of relay contacts and capacitors for
receiving said source signal from said amplifiers and transmitting it to said inductor,
sald Inductor and capacitor generating a resonating signal; (e) a gate communicating
with said capacitors through one or more relay contacts for transmitting said
resonating signal as a carrier signal; (f) means for gating said carrier signal with said
source signal to produce a compared signal for gating with a crystal to produce a string
of pulses, said microprocessor having a (i) counter for determining the count of said
string of pulses and (i) means for varying capacitance to increase or decrease the
count of said string of pulses until the count is substantially 120.

As another aspect of the present invention, there is provided an automatic
antenna tuning system comprising (a) a pulse width modulator; (b) a microprocessor
for controlling the generation of frequency of a source signal from said modulator; (c)
one or more amplifiers for amplifying said source signal; (d) an inductor; (e) a plurality
of relay contacts and capacitors for receiving said source signal from said amplifiers
and transmitting it to said inductor, said inductor, and capacitor generating a
resonating signal; (f) a gate communicating with said capacitOrs through one or more
relay contacts for transmitting said resonating signal as a carrier signal; (g) means for
gating said carrier signal with said source signal to produce a compare signal for
gating with a crystal to produce a string of pulses, said microprocessor having a (1)
counter for determining the count of said string of pulses and (if) means for varying
capacitance to increase or decrease the count of said string of pulses until the count
Is substantially 120.

As another aspect of the present invention, there is provided a method for
tuning an antenna for a radio frequency identification system (RFID) comprising the
steps of (a) emitting a source signal from a pulse width modulator at a frequency; (b)
amplifying and transmitting said source signal to a plurality of capacitors and to an
inductor, each capacitor having a relay contact; (c) transmitting a signal from said
inductor through one or more capacitors to form a carrier signal; (d) gating said carrier
signal with said source signal to produce a compared signal; () comparing whether

said carrier signal is leading or lagging in phase by 90 degrees compared to said
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source signal; (f) adding or reducing capacitance to vary the count per cycle of said
compared signal as needed to establish a 90 degree phase between said carrier signal
and said source signal.

As another aspect of the present invention, there is provided a method for
tuning an antenna for a radio frequency identification system comprising the steps of
(a) delivering power by means of a source signal to an inductor at a frequency, at a
phase; (b) transmitting a resonating signal from said inductor through one or more
capacitors to a gate; (c) transmitting a carrier signal from said gate and gating said
carrier signal through an AND gate to join with said source signal to produce a
compared signal which Is gated with a crystal to produce a string of puises; (d)
comparing the phase of the source signal with the phase of the carrier signal; and (e)
adding or reducing capacitance to the signal from said inductor if, but only if, the phase
difference between the phase of the source signal and the phase of the carrier signal
Is greater or less than 90 degrees; and (f) increasing capacitance to reduce the
number of pulses per cycle or reducing capacitance to increase the number of pulses
per cycle until the count is substantially 120.

As another aspect of the present invention, there is provided a method for
controlling inventory of product in a facility comprising the steps of (a) positioning an
antenna and a plurality of RFID transponders in said facility; (b) engaging an antenna
tuning system to said antenna, said tuning system including a pulse width modulator
and an inductor; (c) transmitting a source signal from said pulse width modulator to a
plurality of capacitors and to said inductor, each capacitor having a relay contact; (d)
transmitting a signal from said inductor through one or more capacitors to form a
carrier signal; (e) gating said carrier signal with said source signal to produce a
compared signal; (f) comparing whether said carrier signal is leading or lagging In
phase by 90 degrees compared to said source signal; (g) adding or reducing
capacitance to vary the count per cycle of said compared signal as needed to
establish a 90 degree phase between said carrier signal and said source signal; (h)
transmitting a signal from a computer or microprocessor to one or more of said RFID
transponders; and (i) transmitting a signal from said one or more RFID transponders

to said antenna and said computer.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be further understood by those skilled in the art upon a review of the
following detailed description of the preferred embodiments and the accompanying drawings,
IN which:

Fig. 1 is a schematic view showing the basic concept of microprocessor controlied
automatic antenna tuner;

Fig. 2 is a timing diagram illustrating proper tuning;

Fig. 3 is a timing diagram illustrating tuning with too much capacitance;

Fig. 4 is a timing diagram illustrating tuning with too little capacitance; and

Fig. 5 illustrates the powering of wireless RFID transponders in a factory.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates the schematic of the basic circuit for the automatic antenna tuner
system 121 of the present invention. A microprocessor 101 similar to Microchip Inc.'s
PIC16F628 controls the generation of the frequency of a source signal 102 out of a pulse
width modulation (PWM) output pin. This source signal 102 is 125 kHz for this design but can
be almost any frequency desired to power up the wireless peripherals in its electromagnetic
field. The source signal 102 is amplified by a MOSFET driver 103 and then driven into a pair
of heavy MOSFET transistors 104. For example, the MOSFET driver 103 could be one
manufactured by Microchip as its Model No. TC4422 which amplifies the power up to a level
that the high capacitance inputs of the MOSFETs 104 require. These MOSFETs are designed
to drive heavy currents and high voltage to drive a bank of capacitors 106. The MOSFET 104
could be one manufactured by International Rectifier as its Model No. JRF9530 and IRF530.
These capacitors 106 are selected individually by relay contacts 105 to tune the capacitors
106 and inductor 107 to resonance at 125 kHz.

The inductor 107 can be any one of a wide range of devices. For example, it could be
a small two inch loop of 24 gauge wire or a heavy piece of wire or pipe that stretches across
the ceiling, wall or floor of the facility or many other materials capable of conducting electrical
current. The dimensions of this inductor 107 can reach as far as 30 by 60 feet and wire size
could be as heavy as 2 gauge. A typical application in a factory would be 30 by 60 feet to allow
for free flow of equipment while covering a reasonabie field. Successful tests have shown that

the inductor 107 can be a length of wire stretching from the automatic tuner to a distant point

where the end is grounded to a metal frame of the building and the ground of the building Is
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the return path for the loop. Without limiting the scope of the present invention or the
maximum length of such wire, the length of wire used in such tests was 60 feet.

The source signal 102, powered up by the MOSFET drivers 103, 104 is transmitted
through one or more capacitors 106 to the inductor 107 which selectively forwards a
resonating signal through one or more capacitors 106 to a gate 108. The output of gate 108
IS a carrier signal 109. Desirably, this carrier signal 109 is either leading or lagging in phase
compared to the source sighal 102 by 90 degrees. The carrier signal 109 is gated through
AND gate 130 with the source signal 102 to produce a compared signal 110. This compared
signal 110 is gated through AND gate 131 with a 20 MHz crystal 112 to produce a string of
pulses 113 that the microprocessor 101 will use to decide if the antenna is properly tuned.

Figure 2 illustrates the timing relationship between the source signal 102 with the
carrier signal 109 from the gate 108. If the antenna is tuned to resonance, the retationship
between these two signals is 90 degrees as shown. As noted above, compared signal 110 is
the result of the two signals, namely, source signal 102 and carrier signal 109 ANDed together
through the AND gate 130. Pulses 113 are gated through to a counter in the microprocessor
101.

At 125 kHz, the "on" time of source signal 102 is 4 uS and the "off" time is also 4 uS.
When the antenna is tuned properly, compared signal 110 is "on" for 6 uS and "off" for 2 uS.
This allows 120 pulses from the 20 MHz crystal 112 to be gated through the AND gate 131 to
the microprocessor 101 and its counter. A properly tuned antenna will produce a count of
approximately 120 counts. Gate delays, rise and fall times will effect the actual count.

Figure 3 illustrates the timing relationship between the source signal 102 and the
carrier signal 109 when there is too much capacitance and the phase difference between the
source signal 102 and the carrier signal 109 is extended. The number of pulses 113 are now
less than 120 and the software in the microprocessor can cause more capacitance to be
added by controlling the capacitors 106 and their relay contacts 105 until the count Is
approximately 120.

Figure 4 illustrates the timing relationship between the source signal 102 and the
carrier signal 109 when there is too little capacitance. Again, the software will see that there
is more than 120 pulses 113 and add some capacitance until the count is approximately 120.

Figure 5 illustrates an antenna 122 located in the ceiling of a factory. The antenna

tuner 121 is connected to a computer 120 that controls the operation of the antenna.
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Below the antenna is a stack of pallets 123 with the product 124 on the pallets. Three
of these pallets 123 are stacked as a unit. On each pallet is an RFID transponder tag 125 that
will receive either a wake-up signal if it is an active tag or power if it is a passive tag. The
computer 120 will, from time to time, send a command to the tuner 121. This command will
tell the tuner to do an inventory of all transponder tags 125 that are within its magnetic fiela.
Those transponder tags that are within its magnetic field will wake up and send back their ID
thereby giving the computer a snapshot of what is on the factory floor at that time and at that
location. This operation may only happen once per day or even once per week if the inventory
is not moved that often. But if the inventory is moved at an accelerated rate, the computer
could do an inventory check every hour or even every minute if needed. The transponder tag
will then send back to the antenna 122 its ID and possibly other data if it is programmed with
such data. The antenna tuner system is a peripheral of the computer system. This means that
the computer can access the tuner(s) at any time and update or verify the inventory or even
track its location as it moves throughout the factory.

The above detailed description of the present invention is given for explanatory
purposes. It will be apparent to those skilled in the art that numerous changes and
modifications can be made without departing from the scope of the invention. Accordingly, the
whole of the foregoing description is to be construed in an illustrative and not a limitative

sense, the scope of the invention being defined solely by the appended claims.
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The embodiments of the present invention in which an exclusive property or privilege
Is claimed are defined as follows:

1. An automatic antenna tuning system comprising:

(a) a pulse width modulator;

(b) a microprocessor for controlling the generation of frequency of a source signal from
said modulator;

(c) an inductor;

(d) a plurality of relay contacts and capacitors for receiving said source signal from said
amplifiers and transmitting it to said inductor, said inductor and capacitor generating a
resonating signal;

(e) a gate communicating with said capacitors through one or more relay contacts for
transmitting said resonating signal as a carrier signal;

(f) means for gating said carrier signal with said source signal to produce a compared
signal for gating with a crystal to produce a string of pulses, said microprocessor having a (i)
counter for determining the count of said string of pulses and (ii) means for varying
capacitance to increase or decrease the count of said string of pulses until the count Is

substantially 120.

2. The automatic antenna tuning system of claim 1 wherein said tuning system Is
connected to an antenna located in a facility and to a computer or microprocessor and further
including a plurality of spaced apart RFID transponders positioned in said facility, said RFID
transponders adapted to receive a signal from said computer or microprocessor and transmit

such signal back to said tuned antenna.

3. An automatic antenna tuning system comprising:

(a) a pulse width modulator;

(b) a microprocessor for controlling the generation of frequency of a source signal from
said modulator,

(c) one or more amplifiers for amplifying said source signal;

(d) an inductor;

(e) a plurality of relay contacts and capacitors for receiving said source signai from said
amplifiers and transmitting it to said inductor, said inductor, and capacitor generating a

resonating signal;
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(f) a gate communicating with said capacitors through one or more relay contacts for
transmitting said resonating signal as a carrier signal;

(g) means for gating said carrier signal with said source signal to produce a compare
signal for gating with a crystal to produce a string of pulses, said microprocessor having a (i)
counter for determining the count of said string of pulses and (ii) means for varying
capacitance to increase or decrease the count of said string of pulses until the count is
substantially 120.

4. A method for tuning an antenna for a radio frequency identification system (RFID)
comprising the steps of:

(a) emitting a source signal from a pulse width modulator at a frequency;

(b) amplifying and transmitting said source signal to a plurality of capacitors and to an
Inductor, each capacitor having a relay contact;

(¢) transmitting a signal from said inductor through one or more capacitors to form a
carrier signal;

(d) gating said carrier sighal with said source signal to produce a compared signal,

(e) comparing whether said carrier signal is leading or lagging in phase by 90 degrees
compared to said source signal;

(f) adding or reducing capacitance to vary the count per cycle of said compared signal
as needed to establish a 90 degree phase between said carrier signal and said source signal,

(g) gating said compared signal through an AND gate with a crystal to produce a string
of pulses defining the count per cycle; and

(h) increasing capacitance to reduce the number of pulses per cycle or reducing

capacitance to increase the number of pulses per cycle until the count is substantially 120.

5. The method according to claim 4 further including the steps of:

(a) positioning said antenna in a facility in communication with said tuning system;

(b) positioning a plurality of RFID transponders in said facility;

(c) transmitting a signal from a computer or microprocessor to one or more of said
RFID transponders; and

(d) transmitting a signal from said one or more RFID transponders to said antenna and

said computer.
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6. A method for tuning an antenna for a radio frequency identification system
comprising the steps of:

(a) delivering power by means of a source signal to an inductor at a frequency, at a
phase;

(b) transmitting a resonating signal from said inductor through one or more capacitors
to a gate;

(c) transmitting a carrier signal from said gate and gating said carrier sighal through
an AND gate to join with said source signal to produce a compared signal which is gated with
a crystal to produce a string of pulses;

(d) comparing the phase of the source signal with the phase of the carrier signal; and

(e) adding or reducing capacitance to the signal from said inductor if, but only if, the
phase difference between the phase of the source signal and the phase of the carrier signal
is greater or less than 90 degrees,; and

(f) increasing capacitance to reduce the number of pulses per cycle or reducing

capacitance to increase the number of pulses per cycle until the count is substantially 120.

7. The method according to claim 6 further including the step of encoding the signal

from said antenna and transmitting said encoded signal to a remote receiving device.

8. A method for controlling inventory of product in a facility comprising the steps of:

(a) positioning an antenna and a plurality of RFID transponders in said facility;

(b) engaging an antenna tuning system to said antenna, said tuning system including
a pulse width modulator and an inductor;

(c) transmitting a source signal from said pulse width modulator to a plurality of

capacitors and to said inductor, each capacitor having a relay contact;
(d) transmitting a signal from said inductor through one or more capacitors to form a

carrier signal;
(e) gating said carrier signal with said source signal to produce a compared signal;
(f) comparing whether said carrier signal is leading or lagging in phase by 90 degrees
compared to said source signal;
(g) adding or reducing capacitance to vary the count per cycle of said compared signal

as needed to establish a 90 degree phase between said carrier signal and said source signal;
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(h) gating said compared sighal through an AND gate with a crystal to produce a string
of pulses defining the count per cycle; and

(i) increasing capacitance to reduce the number of pulses per cycle or reducing
capacitance to increase the number of pulses per cycle until the count is substantially 120.

(j) transmitting a signal from a computer or microprocessor to one or more of said RFID

transponders; and

(k) transmitting a signal from said one or more RFID transponders to said antenna and
sald computer.

9. The method according to claim 8 wherein at least some of said RFID transponders
are passive and further including the step of powering up said passive RFID transponders by

delivering power thereto from said antenna.

10. The method according to claim 8 wherein at least some of said RFID transponders
are active with the capability of being turned on and off and further including the step of
delivering a signal from said antenna to turn on RFID transponders which are off.

11. The method according to claim 5 wherein at least some of said RFID transponders
are passive and further including the step of powering up said passive RFID transponders by
delivering power thereto from said antenna.

12. The method according to claim 5 wherein at least some of said RFID transponders
are active with the capability of being turned on and off and further including the step of

delivering a signal from said antenna to turn on RFID transponders which are off.

13. The automatic tuning system according to claim 1 wherein at least some of said
RFID transponders are passive and said antenna delivers power to said passive RFID

transponders.

14. The automatic tuning system according to claim 1 wherein at least some of said
RFID transponders are capable of being turned from off to on and a signal from said antenna

turns on RFID transponders which are off.
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