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METHOD AND SYSTEM FOR PROVIDING AN
ACTIVATION SIGNAL BASED ON A RECEIVED RF SIGNAL

BACKGROUND

This description relates to radio frequency (RF) activated devices. More
particularly, the description relates to providing an activation signal based on
a recelved RF signal.

A variety of RF receivers have been proposed to activate electronic
devices. Conventional RF receivers typically require some kind of
amplification to amplify the received signal for processing. Without
amplification, the signal is too weak to process, or the distance from which
signais can be received is severely limited. Ampilification, however, results in
a substantial and constant current drain on a battery power supply.
Consequently, a problem with conventional RF receivers is that, due to the

power demands, periodic battery replacement is required.

SUMMARY

It should be emphasized that the terms "comprises" and "comprising",
when used in this description and claims, are taken to specify the presence
of stated features, steps, or components, but the use of these terms does
not preclude the presence or addition of one or more other features, steps,
components, or groups thereof.

In one aspect, an apparatus is described for providing an activation
signal based on a received RF signal. The apparatus includes an RF
receiver contigured to admit a received RF signal in a given frequency band
and a converter configured to convert the admitted RF signal to a
proportional signal. The apparatus aiso includes a low power comparator
that has a first and second input and an output. A biasing and offset
compensation circuit is configured to bias the proportional signal higher by
an offset midrange voltage and bias the second input to an offset
compensated voltage based on an offset between the inputs of the

-1 -
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comparator. The comparator is configured to receive the biased proporiional
signal at the first input and produce the activation signal at the output when a
voltage difference between the biased proportional signal and the offset
compensated voltage exceeds a comparison voltage threshold.

In another aspect, a method for providing an activation signal based
on a received RF signal includes admitting a received RF signal in a given
frequency band and converting the admitted RF signal to a proportional
signal. The proportional signal is biased higher by an offset midrange
voltage, the biased proportional signal being provided 10 a first input of a low
power comparator. A second input of the low power comparator is biased to
an offset compensated voltage based on an offset between the first and
second input of the low power comparator. The biased proportional signal is
compared to the offset compensated voltage. An activation signal Is
nroduced at an output of the low power comparator when a voltage
difference between the biased proportional signal and the ofiset
compensated voltage exceeds a comparison voltage threshold.

In yet another aspect, an apparatus for providing an activation signal
based on a received RF signal includes means for admitting a received RF
signal in a given frequency band, means for converting the admitted RF
signal to a proportional signal, and means for biasing the proportional signal
higher by an offset midrange voltage, the biased proportional signal being
provided to a first input of a low power comparator. The apparatus also
includes means for biasing a second input of the low power comparator to an
offset compensated voltage based on an offset between the first and second
input of the low power comparator, means for comparing the biased
oroportional signal to the offset compensated voltage, and means for
oroducing an activation signal at an output of the low power comparator
when a voltage difference between the biased proportional signal and the

offset compensated voltage exceeds a comparison voltage threshold.
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BRIEF DESCRIPTION OF THE DRAWINGS

Objects and advantages of the claimed invention wili become
apparent to those skilled in the art upon reading this description in
conjunction with the accompanying drawings.

FIG. 1 is a block diagram illustrating an apparatus for providing an
activation signal based on a received RF signal;

FIG. 2 is a block diagram illustrating an exemplary embodiment of the
apparatus of FIG. 1.

FIG. 3 is a block diagram illustrating an application of the apparatus
of FIGs. 1 or 2.

FIG. 4 is a flowchart illustrating a method for providing an activation

signal based on a received RF signal.

DETAILED DESCRIPTION

An apparatus for providing an activation signal based on a received
RF signal is illustrated in the block diagram of FIG. 1. An RF receiver 115 is
configured to admit a received RF signal in a given frequency band. The RF
receiver 115 includes an antenna 100 and a filter 110. A converter 120 is
configured to convert the admitted RF signal to a proportional sighal. A low
power comparator 140 has a first input A and a second input B.

A biasing and offset compensation circuit 130 is configured to bias the
proportional signal higher by an offset midrange voltage and provide the
biased proportional signal to the first input A of the comparator 140. The
biasing and offset compensation circuit 130 is also configured to bias the
second input B to an offset compensated voltage based on an offset
between the first input A and second input B of the low power comparator
140.

The comparator is configured to produce an activation signal S at its
output when a voltage qifference between the biased proportional signal at
the first input A and the offset compensated voltage at the second input B

exceeds a comparison voltage threshold.

-3 -
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~ The apparatus of FIG. 1 provides an activation signal S that is based
on a received low power RF signal without requiring any significant current to
operate and will be active in the stand-by mode at all times. As will be
explained later, the current draw of the apparatus is low enough so that a
typical battery being continuously drained will exceed its useful shelf life
before being fully drained.

FIG. 2 illustrates an exemplary embodiment of the apparatus. A
means for admitting a received RF signal in a given frequency band includes
an RF receiver 210. The RF receiver 210 includes an antenna 200
configured to receive the RF signal and a filter configured to filter the
received RF signal to admit only RF signals in a given frequency band. The
antenna 200 is preferably a loop antenna. It will be understood that many
filter configurations that are known in the art may be used. In the exemplary
embodiment shown, the filter comprises an inductive-capacitive (LC)
resonant circuit formed by a capacitance C1 and an inductance L in parallel,
such as the inductance of the antenna 200. It should be appreciated that the
inductance L can be a separate inductor used in place of or in addition to the
iInductance of the antenna 200 to form the LC resonant circuit. Similarly, the
capacitance C1 can be a discrete device capacitor or a capacitance property
of an element or device. The capacitance C1 can be adjustable to allow
tuning of the LC resonant circuit.

The values of the inductance L and capacitance C1 are chosen to

resonate at a frequency F in a given frequency band using the expression:

1
F=- — 1
27+ LC1 ()

It should be understood that any frequency F couid be used by

selecting appropriate values for L and C1. An exemplary resonating
frequency is approximately 916 MHz, where the received signal gain peaks
at 916.5 MHz. The value of 916.5 MHz is relatively free from common usage
in the U.S. and Europe. This will reduce, if not eliminate, false triggers by
stray radio frequency signals in nearby radio frequency bands. At this

frequency, the RF receiver can receive signals from a transmitter operating

-4 -



CA 02538767 2006-03-10

WO 2005/027067 PCT/US2004/029960

10

15

20

29

30

at 100 feet away, while the fransmitter still remains compliant with FCC Rule
47 C.F.R. Part 15, Section 15.231. The antenna 200, when tuned to 916.5
MHz, is preferably shaped like a loop and has a diameter (D) of 0.82 inches.
It is 0.125 (1/8) inches high (H) and is constructed of thin metallic foil 0.008
inches in width (W). The capacitance C1 is provided by a capacitor, which
can have a capacitance value between 0.3 and 5 pf.

A means for converting the admitted RF signal includes a converter
220. The converter 220 includes a rectifier D1 configured to rectify the
admitted signal and a capacitor C2 configured to accumulate and store the
rectified signal. The rectifier is preferably a half-wave recfifier comprising a
zero bias Schottsky diode. For example, an Agilent Technologies diode
assigned part #HSMS-2850-BLK can be used.

The proportional signal is a voltage V> stored in the capacitor. The
capacitor C2 accumulates and stores the rectified signal until the produced
proportional signal exceeds the comparison voltage threshold of the
comparator, as discussed further below. A resistor R1 together with the
capacitor C2 form a parallel-RC circuit that converts the rectified signal to a
proportional signal. That is, the capacitor C2 charges up to a voltage level
Vo proportional to the level of the admitted signal from the RF receiver 210.
The capacitor C2 charges to the voltage level V; at a rate determined in part
by the value of resistor R2 and capacitor C2. In an exemplary embodiment,
the capacitor C2 value is 220 pf and the resistor R1 value is 1 MQ.

A means for biasing the proportional signal, and a means for biasing
an input of the comparator 240, includes a biasing and offset compensation
circuit 230. The biasing and offset compensation circuit 230 includes a first
voltage divider circuit that comprises resistors R2 and R3 and a second
voltage divider circuit that comprises resistors R4 and R5. The first voltage
divider circuit is configured to bias the proportional signal at V2 higher by the
midrange offset voltage V¢ so that the biased proportional signal is V1 + V..

The second voltage divider circuit is configured to provide a biasing
voltage V3 to compensate for the offset between the first input A and the
second input B of the low power comparator 240. Low power comparators,

- 5.
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also referred to as micro-comparators, offer the advantages of low current
draw and high sensitivity, i.e., they can be triggered to provide an output C
when a relatively small voltage difference is present between the first input A
and the second input B. This voltage difference is referred to herein as the
comparison voltage threshold. The use and performance of low power
comparators, however, is encumbered by the inherent offset between thelir
inputs A and B resulting from the less than ideal manufacturing process,
such as tolerances, impurities, and the like. To take advantage of the high
sensitivity, i.e., low comparison voltage threshold, the ofiset must be
compensated for, since the offset voltage is typically significantly higher than
the comparison voltage threshold.

A means for comparing the biased proportional signal to the offset
compensated voltage and for producing an activation signal includes a low
power comparator 240. For example, an exemplary low power comparator
240 that may be used in this application is the Texas Instruments
Comparator #T1 TLV3701. This model comparator has a comparison
voltage threshold of approximately 250 uV and an offset voltage of between
5mV and 5 mV. Therefore, in order to take advantage of the low
comparison voltage threshold to trigger the iow power comparator to provide
an activation signal at the output C, the much higher offset voltage between
inputs A and B must be compensated. For example, without compensation,
if the offset voltage was such that [input A voltage] - [input B voltage] = -5
mV, the low power comparator 240 would not trigger until the proportional
signal V» reaches 5 mV + 250 pV = 5.25 mV, which requires a much higher
received signal voltage from the RF receiver 210 and converter 220. In
other scenarios, the comparator could be triggered all the time, such as if the
offset was such that: [input A voltage] - [input B voltage] > 250 pV.

The biasing and offset compensation circuit 230 biases the
oroportional signal at V2 and the second input B to take full advantage of the
low comparison voltage threshold of the low power comparator 240. In the
above example, the voltage offset [input A voltage] - [input B voltage] 1S

between -5 mV and 5 mV. The first voltage divider circuit comprises
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resistors R2 and R3 and is configured to bias the proportional signal at V-
higher by a midrange offset voltage V4. For example, a midrange offset
voltage V1 of 5.1 mV biases the proportional signal at V, such that the signal
V1 + Vy at input A is always greater than zero. That is, the voltage offset
linput A voltage] - [input B voltage] is shifted from between -5 mV and 5 mV
to between 0.1 mV and 10.1 mV. The term midrange offset voltage is used
here since the offset IS shifted to begin approximately at the middle of its
original range.

The second voltage divider circuit is configured to provide a biasing
voltage V3 to compensate for the offset as shifted by the first voltage divider
circuit. For example, if the original unshifted offset, [input A voltage] - [input
B voltage] = -3.5 mV, then the offset as shifted by a midrange offset voltage
Viof 5.1 mV becomes -3.5 mV + 5.1 mV = 1.6 mV. ldeally the offset should
be zero. By setting the biasing voltage V3 to 1.6mV through the selection of
values for R4 and RY5, the voltage difference between input A and input B is
effectively zero. The second voltage divider circuit may include a voltage
adjustment means, such as a variable resistor in place of resistor R4,
although a fixed resistor value can be used.

The biasing and offset compensation circuit 230 adapts the low power
comparator 240 to be triggered using a low comparison voltage threshold,
e.g., 250 yV, so that a relatively low power signal admitted at the RF
recelver 210 can trigger the low power comparator 240 without any
amplification. Table 1 shows the exemplary test results of proportional
signal voltages received from an FCC compliant transmitter at 916.5 MHz
from various distances ranging from 1 - 107 feet away. As can be
appreciated from Table 1, a transmitted FCC compliant signal received from
a transmitter as far as 102.65 feet away at 916.5 MHz is more than adequate
to trigger the low power comparator, i.e., is greater than 250 pV, without

requiring any active amplifying circuit in the apparatus.
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Table 1:
Distance From | Proportional Signal
Transmitter (ft) | Voltage (mV)
1.00 46.00
15.70 6.10
20.04 0.95
24.39 0.47
28.70 0.85
33.10 0.33
37.43 0.18
41.70 1.50
46.13 1.20
50.47 1.20
54.83 1.20
59.17 2.30
63.50 0.12
67.86 3.40
72.20 1.90
76.56 0.80
80.91 3.00
85.20 1.40
89.60 0.90
93.90 0.25
98.30 1.40
102.65 9.20
107.00 0.10

10
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In operation, a signal is received at the RF receiver 210 via antenna
200. The signal is admitted if the frequency is close to the resonant
frequency of the LC resonant circuit of L. and C1 in parallel. The signal is
rectified by the diode D1. The rectified signal charges capacitor C2 until a
proportional signal voltage V, reaches the comparison voltage threshold of
the comparator. Meanwhile, the biasing and offset compensation circuit 230
adapts the low power comparator 240 as described above to be triggered by
the comparison voltage threshold. The comparator 240 is then triggered as
a result, thus producing the activations signal S at output C.

The apparatus of FIG. 2 uses a negligible amount of current. For
example, the exemplary low power comparator requires less than 1 pA of

current, and more particularly can operate with only approximately 0.56 pA.
-8 -
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Given a supply voltage Vg of 3 VDG, the first and second voltage divider
circuits require about 1.7 YA or less of total current. The combined total can
be approximated to be 2.6 yA. The rest of the power is derived from the
received signal. Assuming the supply voltage V¢c is taken from a

3 V battery, under current technology that use chemical reaction for 3 V
batteries, the shelf life of the battery, even if no drain is present, is limited by
the viability of the chemical reactions that produce current. Typically, the
shelf life of most 3 V batteries is no more than 10 years. These batteries
will, if drained at a rate of approximately 2.6 PA, still have sufficient charge to
operate at the end of the normal shelf life for a 3 V battery. That is, the
battery will stop working because the chemical reactions that provide the
power have stopped working, not because the battery has been drained by
the approximately 2.6 yA of current required by the apparatus.
Consequently, for the purposes of this application, if the current drain caused
by the voltage comparator is so small that it will not substantially reduce the
ordinary shelf life of the battery, it will be deemed negligible.

This negligible power requirement offers many advantages. The
apparatus of FIG. 2 can be incorporated into a variety of other short range
RF products to act as an RF switch to activate or "wake up" the various
components and/or functions of the product. Since the product can
essentially "sleep” until woken up by the apparatus, the overall battery drain
of the product can be negligible. Accordingly, the batteries can go without
being replaced for the life of the product. The product can be produced as a
sealed disposable product, which significantly reduces production costs.

FIG. 3 illustrates one application of the apparatus. The acfivation
signal S produced by the low power comparator 240 is provided to a
controller 300. The controller is, until this point, in a low power sleep mode.
The controller 300 wakes up upon receiving the activation signal S and
sends a signal to a transceiver 310 to wake up from a sleep mode. The
transceiver 310 begins receiving and/or transmitting communication data
330 via an antenna 320, which may or may not be the same antenna as

antenna 200. The communication data 330 received by the transceiver 310

-9 -
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is processed by the controller 300, which may perform a variety of functions
iInvolving a variety of input-output devices (not shown) as a resulit.

A method for providing an activation signal based on a received RF
signal is illustrated in FIG. 4. In block 400, a received RF signal in a given
frequency band is admitted. In block 410, the admitted RF signal is
converted to a proportional signal. In block 420, the proportional signal is
biased higher by an offset midrange voltage. In block 430, a second input of
the low power comparator is biased to an offset compensated voltage based
on an offset between the first and second input of the low power comparator.
In block 440, the biased proportional signal is compared to the offset
compensated voltage. In block 450, an activation signal is produced at an
output of the low power comparator when a voltage difference between the
biased proportional signal and the offset compensated voltage exceeds a
comparison voltage threshold.

It will be appreciated by those of ordinary skill in the art that the
Invention can be embodied in various specific forms without deparfing from
its essential characteristics. The disclosed embodiments are considered in
all respects 1o be illustrative and not restrictive. The scope of the invention is
indicated by the appended claims, rather than the foregoing description, and
all changes that come within the meaning and range of equivalents thereof

are intended to be embraced thereby.
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WHAT IS CLAIMED IS:

1. An apparatus for providing an activation signal based on a
received radio frequency (RF) signal, the apparatus comprising:

an RF receiver configured to admit a received RF signal in a given

frequency band;
a converter configured to convert the admitted RF signal to a

proportional signal,
a low power comparator that has a first and second input and an

output; and
a biasing and offset compensation circuit configured to bias the

proportional signal higher by an offset midrange voltage and bias the second

input to an offset compensated voltage based on an offset between the first

and second input of the low power comparator,
wherein the comparator is configured to receive the biased

proportional signal at the first input and produce the activation signal at the
output when a voltage difference between the biased proportional signal and

the offset compensated voltage at the second input exceeds a comparison

voltage threshold.

2. The apparatus of claim 1, wherein the biasing and offset

compensation circuit comprises:
a first voltage divider circuit configured to bias the proportional signal

higher by the midrange offset voltage; and
a second voltage divider circuit configured to compensate for the

offset between the first and second input of the low power comparator.

3. The apparatus of claim 2, wherein the second voltage divider

circuit includes a voltage adjustment means.

4. The apparatus of claim 3, wherein the voltage adjustment

means IS a variable resistor.

- 11 -
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5. The apparatus of claim 1, wherein the RF receiver comprises:

an antenna configured 1o receive the RF signal; and

a filter configured to filter the received RF signal to admit only RF
signals in a given frequency band.

0. The apparatus of claim 5, wherein the antenna is a loop
antenna.
/. The apparatus of claim 5, wherein the filter comprises an

inductive-capacitive (LLC) resonant circuit.

8. The apparatus of claim 7, wherein the LC resonant circuit

includes the inductance of the antenna.

9. The apparatus of claim 7, wherein the L.C resonant circuit

resonates at a frequency of approximately 916.5 MHz.

10.  The apparatus of claim 1, wherein the converter comprises:

a rectifier configured to rectify the admitted signal; and

a capacitor configured to accumulate and store the rectified signal,
wherein the proportional signal is a voltage stored in the capacitor.

11.  The apparatus of claim 10, wherein the capacitor is configured

to accumulate and store the rectified signal until the produced proportional

signal exceeds the comparison voltage threshold.

12.  The apparatus of claim 10, wherein the reciifier is a half-wave

rectifier comprising a zero bias Schottsky diode.

13.  The apparatus of claim 1, wherein the comparison voltage

threshold is approximately 250 uV.

-12 .-
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14.  The apparatus of claim 1, wherein the midrange offset voltage
IS approximately 5.1 mV.

15.  The apparatus of claim 1, wherein the offset between the first

and second input of the low power comparator is between -5 mV and 5 mV.

16.  The apparatus of claim 1, wherein the low power comparator

requires less than 1 pA of supply current during operation.

17. The apparatus of claim 1, wherein the activation signal

instructs a microprocessor to change modes of operation.

18. A method for providing an activation signal based on a
received RF signal, the method comprising:

admitting a received RF signal in a given frequency band;

converting the admitted RF signal to a proportional signal;

biasing the proportional signal higher by an offset midrange voltage,
the biased proportional signal being provided to a first input of a low power
comparator;

biasing a second input of the low power comparator to an offset
compensated voltage based on an offset between the first and second input
of the low power comparator,

comparing the biased proportional signal to the offset compensated
voltage; and

producing an activation signal at an output of the low power
comparator when a voltage difference between the biased proportional

signhal and the offset compensated voltage exceeds a comparison voltage
threshold.

19.  An apparatus for providing an activation signal based on a
received RF signal, the apparatus comprising:

means for admitting a received RF signal in a given frequency band;

- 13 -
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means for converting the admitted RF signal to a proportional signal;

means for biasing the proportional signal higher by an offset midrange
voltage, the biased proportional signal being provided to a first input of a low
power comparator;

means for biasing a second input of the low power comparator to an
offset compensated voltage based on an offset between the first and second
input of the low power comparator,

means for comparing the biased proportional signal to the offset
compensated voltage; and

means for producing an activation signal at an output of the low power
comparator when a voltage difference between the biased proportional
signal and the offset compensated voltage exceeds a comparison voltage
threshold.

20.  An apparatus for providing an activation signal based on a
received RF signal, the apparatus comprising:

an RF receiver configured to admit a received RF signal in a given
frequency band;

a converter configured to convert the admitted RF signal to a
proportional signal;

a low power comparator that has a first and second input and an
output; and

a biasing and offset compensation circuit configured 1o bias the
proportional signal higher by approximately 5.1 mV and bias the second
input to an offset compensated voitage based on an offset between the first
and second input of the low power comparator,

wherein the comparator is configured to receive the biased
proportional signal at the first input and produce the activation signal at the
output when a voltage difference between the biased proportional signal and

the offset compensated voltage at the second input exceeds 250 pV.

- 14 -
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