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PATENT
Attorney Docket No.: 021673-000210US

POWER DISSIPATION REDUCTION IN WIRELESS TRANSCEIVERS

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of United States provisional application number
60/451,229, filed March 1, 2003, which is incorporafed by reference.
[0002] This application is related to United States provisional application number 60/451,230,
filed March 1, 2003, which is incorporated by reference.

‘ BACKGROUND
[0003] The present invention relates to power dissipation reduction techniques for electronic
circuits, for example wireless transceiver integrated circuits.
[0004] Wireless networking is quickly becoming ubiquitous, as desktop, notebook, and
handheld computers are connected to share Internet access and-files. Wireless networking cards
compatible with PCMCIA and compact flash form factors are popular for laptops and handhelds
respectively, particularly as mobile users connect to the Internet on the road at coffee shops,
hotels, and airports. V
[0005] A downside of this connectivity is a corresponding drain on battery life, especially for
these portable devices. The powef consumed by a wireless trénsmitter and receiver reduces the
usefulness of a device and sends a user on a hunt for an electrical outlet for recharging.
[0006] One reason why this power drain is high is that electronic circuits are typically
designed to function properly under worst-case operating conditions. For a wireless transceiver,
the worst case condition is when a desired signal reception strength is low, while other
transceivers or nearby electronic equipment generate interfering signals and other spurious noise.
[0007] But a wireless transceiver does not always operate in these worst-case conditions. For
example, a base station, router or access point may be nearby such that the received signal is
strong. Also, there may be no interfering signals, or they may be relatively weak. In these
situations, receiyer circuit currents can be reduced below what is necessary for the worst case
condition. If this is done, power dissipétion is reduced, and battery life is increased.
[0008] Thus, what is needed are circuits and methods that can adapt to a better-than-worst-case

condition and reduce circuit currents and therefore power dissipation accordingly.

IPR2024-00816
Apple EX1002 Page 5

IPR2023-00818
Theta EX2019



SUMMARY
[0009] Accordingly, embodiments of the present invention provide methods and circuits for
reducing power dissipation in wireless transceivers and other electronic circuits and systems. -
Embodiments of the present invention use bias current reduction, impedance scaling, gain, and
other dynamic changes either separately or in combination to reduce power dissipation in
response to better-than-worst case conditions. For example, bias currents are reduced in
response to a need for reduced signal handling capability, impedances are scaled thus reducing
required drive and other bias currents in response to a strong received signal, or gain is varied
and impedances are scaled in response to a low received signal in the presence of no or weak
interfering signals. Alternately, currents may start low and be increased in response to worse-
than-best-case conditions, or they may start at a point in between and vary up or down. These
variations may be made to electronic systems generally, and are particularly suited and discussed
below in the context of a wireless transceiver that may be used in networking devices, cellular
telephones, and other wireless systems.
[0010] An exemplary embodiment of the present invention provides a method of receiving a
signal using an integrated circuit. The integrated circuit includes a signal path having a low-
noise amplifier configured to receive the signal, a mixer having an input coupled to an output of
the low-noise amplifier, and a low-pass filter having an input coupled to an 6utput of the mixer.
The method itself includes determining a first signal strength at a first node in the signal path in
the integrated circuit and dynamically changing an impedance of a component in the signal path
based on the first signal strength.
[0011] A further exemplafy embodiment of the present invention provides a method of
receiving a signal using an integrated circuit. The integrated circuit includes a signal path having
a low-noise amplifier configured to receive the signal, a mixer having an input coupled to an
output of the low-noise amplifier, and a low-pass filter having an input coupled to an output of
the mixer. The method itself includes determining a first signal strength at a first node in the
signal path in the integrated circuit and dynamically changing a bias current in the signal path
based on the first signal strength.
[0012] Another exemplary embodfment of the present invention provides a method of

receiving a signal using an integrated circuit. The integrated circuit includes a signal path having
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a first circuit and a second circuit having an input coupled to an output of the first circuit. The
method itself includes determining a first signal strength at a first node in the signal path in the
integrated circuit. The first node is before the first circuit in the signal path. The method further
includes dynamically changing a gain of the first circuit based on the first signal strength and -
dynamically changing an impedance of a component in the second circuit based on the first
signal strength.

[0013] Still a further exemplary embodiment of the present invention provides a wireless
transceiver integfated circuit including a receiver having a sigﬁal path, the signal path including a
low-noise amplifier, a mixer having an input coupled to an output of the low-noise amplifier, and
a low-pass filter having an input coupled to an output of the mixer, as well as a first signal
strength indicator circuit coupled to the signal path and configured to determine a first signal
strength. An impedance in the signal path is configured to be dynamically adjusted in response
to the first signal strength.

[0014] Yet a further exemplary embodiment of the present invention provides a wireless
transceiver integrated circuit. This integrated circuit includes a receiver comprising a signal
path, the signal path having a low-noise amplifier, a mixer having an input coupled to an output
of the low-noise amplifier, and a low-pass filter having an input coupled to an output of the
mixer, as well as a first signal strength indicator circuit coupled to the signal path, and

- configured to determine a first signal strength. A bias current in the signal path is configured to
be dynamically adjusted in resp;onse to the first signal strength.

[0015] Another exemplary embodiment of the present invention provides a wireless
transceiver integrated circuit. This circuit includes a receiver comprising' a signal path, the signal
path having a first circuit; and a second circuit having an input coupled to an output of the first
circuit; as well as a first signal strength indicator circuit coupled to the signal path, and
configured to determine a first signal strength. A gain of the first circuit is configured to be
dynamically adjusted in response to the first signal strength, and an impedance in the second
circuit is configured to be dynamically adjusted in response to the first signal strength.

[0016] A better understanding of the nature and advantages of the present invention may be

gained with reference to the following detailed description and the accompanying drawings.

IPR2024-00816
Apple EX1002 Page 7

IPR2023-00818
Theta EX2019



BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figure 1 is a block diagram of a wireless transceiver that may benefit by incorporation
of embodiments of the present invention;
[0018] Figures 2A and 2B illustrate examples of desired and interfering signals and noise that
may be received by a circuit in a wireless receiver;
[0019] Figure 3 illustrates what can occur as a maximum signal handling capability is reduced
in the worst-case signal condition;
[0020] Figure 4 illustrates a portion of a receiver consistent with an embodiment of the present
invention;
[0021] | Figure 5 illustrates the relationship between a required bias current and a given output
signal for a representative circuit;
[0022] Figure 6 is an example of how a circuit's impedances may be scaled to reduce drive -
currents, and deﬁending on the circuit configuration used, to reduce associated bias currents as
well; |
[0023] Figure 7 illustrates how gain may be inserted in a signal path to improve a circuit's
signal to noise ratio;
[0024] Figures 8A-8D illustrate some of the possible power saving techniques that may be -
used when received desired and interferer signals are all at a low power level;
[0025] Figures 9A-9C illustrate one of the possible power saving techniques that may be used
when a received desired signal is strong while all interfering signals are at a low power level,
[0026] Figures 10A-10C illustrate one of the possible power saving techniques that may be
used when received desired and interferer signals are all at a high power level;
[0027] Figures 11A-11D illustrate one of the possible power saving techniques that may be
used when a received desired signal is weak while one or more interfering signals are strong;
[0028] Figure 12 is a summary illustrating four different input conditions and some of the

4 appropriate power-saving changes that may be made in response to those conditions;
[0029] Figure 13 shows how power may be saved as a function of time by employing one or
more of the power saving methods consistent with embodiments of the present invention;
[0030] Figure 14 is a block diagram of a portion of a receiver consistent with an embodimént

of the present invention; and
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[0031] Figure 15 is a block diagram of a portion of a transmitter consistent with an

embodiment of the present invention.

DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0032] Figure 1 is a block diagram of a wireless transceiver that may benefit by incorporation
of embodiments of the present invention. This wireless transceiver may be designed to send and
receive signals consistent with the IEEE 802.11a, 802.1 1b, 802.11g, or other signaling standard
or combination of standards. This figure, as with all the included fi gurés, 1s shown for
* illustrative purposes only and does not to limit either the possible embodiments of the present
invention or the claims. _
[0033] There are three main portions of this transceiver circuit, a receiver, transmitter, and
synthesizer. This transceiver may be completely or partially integrated on a semiconductor chip,
or it may be integrated onto multiple integrated circuits. In a specific embodiment, the circuitry
bounded by dashed line 100 is integrated on a single chip coupled to one or more external
components or circuits. The integrated circuit or circuits forming this wireless transceiver may
incorporate various integrated circuit devices such as a bipolar, CMOS, or BiCMOS devices
made using a silicon, silicon-germanium (SiGe), gallium arsenide or other III-V process, or other
manufacturing process. Embodiments of the present invention may also be applicable to circuits
manufactured using nanotechnology processing.
[0034] The receiver includes a signal path formed by low-noise amplifier 102, Iand Q mixers
104 and 106, low pass filters 108 and 110, and baseband amplifiers 114 and 116. Other circuitry
in the receiver includes received strength indicator 122, automatic gain control circuit 166,
baseband gain control circuit 120, tuning circuit 112, and offset cancellation circuit 118.
[0035] The transmitter includes input up-converter mixers 124 and 126, summing node 176,
which may be conceptual rather than an actual circuit, transmit variable gain amplifier 128, and
power amplifier 130. .
[0036] The synthesizer includes a voltage-controlled oscillator 148, which drives I and Q
buffers 154 and 152, prescaler 156, reference clock buffer 142 and divider 158, phase-frequency
detector 160, charge pump 162, and loop filter 146, which in a specific embodiment is formed by

external components.
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[0037] Signals are received on an antenna, not shown, and typically pass through an RF switch
and bandpass filter before being received by the low-noise amplifier 102 on line 101. The low
noise amplifier gains the received signal and provides it to quadrature mixers 104 and 106. I and
Q mixers 104 and 106 down-convert the received signal to baseband by multiplying them with
quadrature versions of the oscillator signal provided by buffers 152 and 154. This down
conversion also produces a high frequency component at a frequency that is equal to the sum of
the frequencies of the received signal and the VCO. This unwanted signal is filtered by low pass
filters 108 and 110, which in turn drive baseband amplifiers 114 and 116. The outputs of
baseband amplifiers 114 and 116 are typically converted to digital signals by analog-to-digital
converters at the front end of a digital signal proc'e.ssing block.

[0038] In the transmit mode, I and Q versions of the signal to be transmitted are provided on
lines 121 and 123 to up-convert mixers 124 and 126. These up-convert mixers multiply the I and
Q portions of the transmit signal by quadrature versions of the VCO signal provided by buffers J
152 and 154. The outputs of the up-convert mixers 124 and 126 are summed, and amplified by -
transmit VGA 128, which in turn drives power amplifier 130. The output of power amplifier 130
is typically filtered, and passes through the RF switch to the antenna for transmission.

[0039] A reference clock is received and buffered by the reference buffer 142. The VCO
generates quadrature oscillatory signals that are divided by prescaler 156. The reference clock is
typically generated by a crystal or other stable periodic clock source. The phase-frequency
detector 116 compares the phase or frequency (depending on whether the synthesizer is tracking-
or acquiring the correct frequency) of the divided VCO signal and the reference clock, or a
divided version of the reference clock, and generates an error signal, which drives the charge
pump 162. The output signal of the charge pump 162 is filtered by the lobp filter 146, which is
commonly a lead-lag filter, and which provides a tuning or correction signal to the VCO 148.
[0040] Embodiments of the present invention may be used to reduce the power dissipation of
one or more of these included circuits. For example, the power dissipation in the low-noise
amplifier 102, down-convert mixers 104 and 106, low pass filters 108 and 110, or baseband
amplifiers 114 and 116 may be optimized. Also, power dissipation in up-convert mixers 124
. 126, variable gain amplifier 128, and power amplifier 130 may also be optimized. Similarly,

VCO 148 and prescaler 156 currents may be adjusted. Embodiments of the present invention
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may also be applied in other circuits which may be included in other integrated circuit feceivers,
transmitters, transceivers, or other electronic circuits or systems. ‘

[0041]) When a receiver is actively receiving a desired signal, each block in the signal path has
at its input the desired signal as well as noise and possibly interfering signals. The desired signal
is the useful, information-carrying portion of a received signal. The noise may be thermal, shot,
or other noise generated on the integrated circuit, in addition to received noise generated by
sources external to the chip. The noise at the input of a block may be referred to as the
equivalent input noise. The interfering signal or signals, or interferers, may be generated by
similar transceivers, or other electrical equipment, circuits, or systems.

[0042] Figures 2A and 2B illustrafe examples of desired signals, interferers, and noise that may -
be received by one of the various circuits in a wireless receiver. In each of these figures, the
signal strength is plotted along a Y-axis 204 or 254 as a function of frequency along an X-axis
202 or 252. In the example of Figure 2A, a received desired signal 206 is large in comparison to
interfering signals 208 and 210. In these examples, two interfering signals are shown for
illustrative purposes, though there may be no such signals, one such signal, or more than two
such signals in the frequency range of interest. Also, while for these examples the interferers are
shown as being at a higher frequency than the desired signal, there may be one or more
interferers at higher or lower frequencies as the desired signal. In this specific example, the
acceptable noise floor 214 is relatively high, while maximum signal handling capability Smax
212 (that is the maximum signal power that can be handled with an acceptably low distortion)
needs only to be high enough to accommodate the desired signal. For this specific example, the
circuit receiving this input spectrum only requires a relatively small dynamic range for proper
operation, that is the range between Smax 212 and the noise floor 214 is relatively small.

[0043] Conversely, in the example shown in Figure 2B, the desired signal 256 is relatively
weak compared to the large interferers 258 and 260. In this example, the noise floor 264 should
be relatively low so as to prevent an unacceptable level of error in the recovery the desired signal
256. The maximum signal handling capability Smax 262 should be relatively high to
accommodate the large interferers in order to avoid the creation of intermodulation products as
described below. Accordingly, in this specific example, the circuit receiving this input' spectrum

should have a large dynamic range, particularly in comparison to the example of Figure 2A.
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[0044] It should be noted that the noise level or noise floors shown in these and the other -
included figures is the noise density integrated over the bandwidth of interest. For simplicity and
comparison, this level is shown as a horizontal line, and is not meant to imply noise density.
[0045] Often in wireless receivers, a circuit at different times will receive an input spectrum .
similar to those shown in Figures 2A and 2B. The input spectrum of Figure 2B is generally
considered the worst-case input signal, and typical design methodology involves designing a
receiver for this condition, specifically the weakest desired signal accompanied by largest
interference level. Circuit impedances and currents are set such that the noise floor 264 is
sufficiently low for an acceptable bit-error rate, while bias currents are set sufficiently high for
the required Smax 262. |

[0046] Conversely, the input spectrum in Figure 2A is that of the best-case input signal,
specifically, a robust desired signal accompanied by no or low-level interferers. In this case, the
noise floor 214 may be allowed to rise, while the makimum signal handling capability Smax 212
may be reduced. When this is done, the receiver circuit may save significant power. For
example, the circuit's impedances may be increased, thus reducing required drive currents.
Similarly, bias currents may be lowered, thus reducing the maximum signal in handling
capability.

[0047]) The minimum power dissipation for a circuit is proportional to the required maximum
signal-to-noise ratio, which is the ratio between Smax 212 or 262 and N 214 and 264. Thus, a
circuit receiving an input similar to the one shown in Figure 2A can dissipate less power than
one receiving the input as shown in Figure 2B, while still achieving an acceptable bit-error. rate.
[0048] Figure 3 illustrates what can occur when the maximum signal handling capability Smax
314 is reduced in the worst-case condition, that is when a weaﬁ desired signal 306 is
accompanied by large interferers 310 and 312. Again, signal strength is plotted along a Y-axis
304 as a function of frequency along X-axis 302. In this specific example, Smax 314 is reduced
below the peak levels of the interferers 310 and 312. Since Smax is low, the circuit cannot
handle the interferers linearly. The resulting nonlinearities lead to a mixing of the interferers and
the creation of intermodulation products 308 (for example, a third-order intermodulation
distortion, IM3), one of which in this example occurs at the same frequency as the desired signal
306. As can be seen, if the intermodulation products 308 become excessive, the received signal

bit error rate may become excessive, and the desired signal 306 may be lost. Accordingly, while
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Smax may be lowered even under some unfavorable conditions in order to reduce power, care
should be taken to avoid corruption of the received desired signal. '

[0049] Figure 4 illustrates a portion of a receiver consistent with an embodiment of the present
invention. Included is a filter 430. An optional gain element 420 is placed in front of the filter
430 in order to increase signal levels. Signal strength indicator circuits 440 and 450 are
connected to input line 410 and output line 460. In this specific example, the input signal
spectrum on line 410 is shown as desired signal 412 and interferers 414 and 416. The signal
spectrum at the output line 460 is shown as desired signal 462 and interferers 464 and 466. The
signal strength indicators 440 and 450 do not provide information as to the relative sizes of the
desired and interfering signals. Rather, a cumulative signal level is provided at their outputs.
For example, the first signal strength indicator 440 outputs a level corresponding to the sum of
desired signal 412 and interfering signals 414 and 416, while the second signal strength indicator
450 provides a signal level corresponding to the sum of desired signal 462 and interfering signals
464 and 466. In this specific example, the gain of the gain and filter circuit combinations is
shown.as approximately one, while the interfering signals 414 and 416 signal levels are reduced.
[0050] A comparison of the signal levels provided by the signal strength indicators 440 and
450 indicates that much of the combined received signal on line 410 has been filtered.
Accordingly, it may be deduced that large interfering signals present at the input are being
filtered by the ﬁlter 430. From this information, as will be shown iﬁ greater detail below, the
bias, impedance, and gain of the gain stage 420 and filter 430 combination may be optimized to
reduce power dissipation. '

[0051] There are several real world situations where the received signal is better than the
worst-case condition such that power can be saved. For example, large interferers may be
present only part of the time, that is, on a temporary or transient basis. The interfering
equipment may be some distance from the transceiver, or it may be operating in the low power
mode. Also, the desired signal may be very strong as compared to the noise and interferers, for -
example a hub, router, or access point may be nearby. .

[0052] Some transceivers consistent with embodiments of the present invention are designed to
work with more than one data transfer specification or standard. In this case, when a transceiver
is operating in a mode having a lower data rate, the power saving techniques described here may

be employed.
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[0053] Figure S illustrates the relationship between a required biased current 516 for a given
output signal 514 for a representative circuit 510. If the output signal current level is relatively
low, such as the output current shown as 526, the corresponding bias current 528 may be low.
Conversely, if the output signal current level is larger as with the examplé 536, the
corresponding bias current level 538 should also be high. Accordingly, if a bias current is
initially set high to handle large a large input signal, for example a large interferer, this current
may be reduced if the input signal is smaller.

[0054] There are many ways by which these bias currents can be reduced. For example, the
current may be generated by placing a voltage across a resistor by applying a bias voltage to the
base of a device whose emitter is connected to ground through a resistance. In this case, the
resistor may be increased by opening switches across portions of the resistance, or lowering the
bias voltage applied at the base. Several ways in which this may be done will be readily
understood by one skilled in the art. '

[0055] Figure 6 is an example of how a circuit's impedances may be scaled to reduce drive
currents, and, depending on the circuit configuration used, associated bias' currents as well. A
driver 612 has a load R 614 and C 616. The frequency response of this circuit is the same as that
seen by driver 622, which drives an impedance of 2R 624 and C/2 626. But the impedance of
the load seen by driver 622 is double that seen by 612, thus the output current required by the
driver 622 is reduced by one-half. |
[0056] As an example, the output stage of each of these drivers may be a Class A emitter |
follower formed by an emitter follower connected to a current source. When the outputs are
driven high, the emitter of driver 622 need supply only one-half the drive current as driver 612.
In this way, an impedance can be scaled in order to decrease a circuit’s required drive current.
[0057] Also, the discharge current for driver 622 is only one half that of driver 612 for a given
negative-going slew rate. Thus, the current source of 622 may be reduced by the same factor of
one-half as compared to driver 612. In this example, the bias current, that is the current in the
pull-down current source can be reduced. Many other examples where drive currents and
possibly bias currents may be reduced will be appreciated by one skilled in the art.

[0058] Figure 7 illustrates another degree of freedom that made be employed to reduce current
levels in a transceiver. Specifically, a gain element 720 may be inserted in front of a circuit

block 730 in order to improve the combined circuit's signal-to-noise ratio by a factor eqﬁal to the
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gain of the inserted gain block. This is particularly useful when large interferers are absent and
the desired received signal is moderate or low. Specifically, gain is added to the signal while
impedances are increased, which raise the noise floor. In this way, a given signal-to-noise ratio
may be maintained while the power is decreased.

[0059] The gain of such an element may be varied by increasing a current in a differential pair
or increasing a load resistance using switches. Many other examples where the gain of this
element may be varied will be appreciated by one skilled in the art. .

[0060] These variables, or degrees of freedom, specifically reducing bias currents, increasing
impedances, and increasing gain may be used as in the following examples.

[0061] Figure 8A is a block diagram of a functional block 820 and optional gain element 810
in accordance with an embodiment of the present invention. Functional block 820, like the
functional blocks in the following diagrams, may be a filter, mixer, amplifier, or other circuit or
circuits in a wireless transceiver or other electronic circuits or system. An input signal is
received on line 812 by the optional gain element 814. When the optional gain block 810 is not
used, the input signal may be received directly by the function block 820. The gain of the
optional gain element 812 is controlled by a gain control signal on line 814. The functional
block receives an output signal from the optional gain element 810 and provides an output
VOUT on line 822. The lines in this and the other included figures may be one or more lines,
depending on whether single-ended, differential, or other type of signaling is employed.

[0062] One or more impedances are under control of signals on impedance control lines 824.
Similarly, one or more bias currents in the function block are under control of one or more
signals on bias control lines 826. These various control lines may be logic signals, analog
signals, voltage or currents lines, or other signal or bias lines. In other embodiments of the
p'resent invention, the gain control element 810 may be included in the function block 820. Also,
various embodiments may not incorporate either or both the impedance control and bias control.
[0063] Figure 8B is an example input that may be present on line VIN 812. In this example, a
desired signal 836 is relatively weak, as are interfering signals 837 and 838. The initial bias and
circuit configuration is such that the noise floor 833 and maximum signal handling capability
Smax 831 are adjﬁsted for worst case conditions. The circuit of Figure 8A, as with all the
circuits described here, receives noise at its input which may be referred to as input equivalent

noise or input referred noise. Additionally, the circuit of Figure 8 A generates noise which is

11
IPR2024-00816
Apple EX1002 Page 15

IPR2023-00818
Theta EX2019



added to the input referred noise. Depending on the gain characteristics of the circuitry, the
output noise at various frequencies may be greater than, equal to, or less than the input referred
noise. For simplicity, the noise floor and maximum signal handling capability Smax, in this and
the other figures, are shown as straight lines, though the noise and Smax are typically curved as a
function of frequency. .

[0064] That the input spectrum is as shown in Figure 8B can be determined, for example, by
low signal strength indications on line VIN 812 and VOUT 822. That is, a low level signal
strength indication on line VIN 812 indicates that no portion of the input signal is particularly
large.

[0065] For this exemplary input, there are at least two methods by which the power dissipation
for this circuitry may be reduced. Depending on the exact circuits and structures used, one of
these methods may be preferred.

[0066] In Figure 8C, the bias current is decreased, thereby lowering the maximum signal
handling capability 841 as compared to 831, closer to the desired and interfering signal levels.
Again, the bias currents in the function block 820 may be reduced by switching impedances that
appear across a voltage thereby changing a resulting bias current, by reducing a voltage at the
gate of a MOS or base of a bipolar transistor, or by other methods.

[0067] In Figure 8D, a second method of reducing power dissipation in the function block 820
is employed. Specifically, Smax 851 is held constant as compared Smax 831. The desired and
interfering signals are amplified such that they are closer to the avéilable signaling handling
capability 851. Also, the noise floor 853 is raised as compared to noise floor 833 in Figure 8B.
Specifically, the noise contributed by the function block 820 is increased, such that the noise at
its output is increased to noise floor 853. This is done by increasing one or more impedance in
function block 810, such that drive currents inside that block are reduced. Depending on the
exact configuration, this may also allow some biasing currents to be reduced, while maintaining
the maximum signal handling capability 851 at a sufficient level. Alternately, these two methods
of reducing power dissipation in’function block 820 may be done in combination.

[0068] The included examples are explained for the exemplary situation where biasing and
other parameters are set for worst-case conditions, and then changed to save power when it is

discovered that the conditions are better-than-worst case. Alternately, the bias currents and other
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parameters may be set for maximum power savings, or an intermediate point, and the power can
be adjusted from there.

[0069] Figure 9A illustrates a block diagram including an optional gain element 910 and '
function block 920. Again, an input signal is received on line 912 by optional gain element 910
which in turn drives function block 920. The function block provides an output VOUT on line
922, and receives impedance and bias control signals on lines 924 and 926.

| [0070] Figure 9B shows the spectrum for what may be considered a best-case received signal.
Specifically, the desired signal 936 is strong, while the interfering signals 937 and 938 are
relatively weak. This may be determined, for example, by detecting a large signal level at the
input line VIN 812 and a large signal level after a filter, since these readings would indicate that
a large signal is received, but that it is at the desired signal frequency.

[0071] The maximum signaling capability 931 and noise floor 933 are shown as being set for
the worst case conditions. In this case, the noise floor 933 is lower than the maximum allowed
for proper signal reception. Accordingly, one or more impedance in the function block 920 may
be increased, such that the noise floor 943 rises as shown in Figure 9C. In this way one or more
the driving currents in the function block 920 may be reduced. Similarly, since the drive current
is reduced, one or more bias current may also be reduced, depending on the exact circuit
configuration.

[0072] Figure 10A illustrates a block diagram showing an optional gain element 1010-driving a
function block 1020. An input signal is received by the gain element 1010 on line 1012, and an
output is provided by function block 1020 on line VOUT 1022. One or more gain control signalé
present on lines 1014 control the gain of gain control element 1010, while one or more
impedance and bias control signals are received by the function block 1020 on line to 1024 and
1026. _ '
[0073] Figure 10B illustrates a received signal that may be received on line VIN 1012. In this
example, the desired signal 1036 and interferers 1037 and 1038 are each relatively large. This
may be determined, for example, by detecting a large signal level at the input line VIN 812 and a
smaller signal level after a filter, since these readings would indicate that a large signal is
received, but that interferers are being reduced. |

[0074] As before, in this example, the noise floor 1033 and maximum signal handling

capability 1031 are initially set for the worst case conditions. Since the desired signal is
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relatively large in this case, the noise floor may be allowed to rise, a shown by noise floor 1043
in Figure 10C. Since the desired signal 1046 and interferers 1047 are large, the maximum signal
handling capability Smax 1041 remains constant. Again, the noise floor is increased by
increasing irﬁpedances in the function block 1020. This reduces the required drive current, and
may also allow for a redgction in bias currents.
[0075] Figure 11A iilustrates_a block diagram including an optional gain element 1110 and
function block 1120 in accordance with an emﬁodiment of the present convention. An input
signal is received on line 1112 by the optional gain control element 1110, while an output signal
is provided by the function block 1120 on line VOUT 1122. Gain, impedance, and bias control
signals are received on lines .l 114, 1124, and 1126.
[0076] Figure 11B is an exemplary input signal that may be received by the gain control
element 1110 on line VIN 1112. In this specific example, the desired signal 1136 is relatively
low or weak while the interfering signals 1137 and 1138 are large. This may be determined, for
example, by detecting a large signal level at the input line VIN 812 and a much smaller signal
level after a filter, since these readings would indicate that a large signal is received and that
large interferers are being reduced such that the resulting signal, the desired ‘signal, is relatively
weak. .
[0077] Again, the maximum signal handling capability 1131 and noise floor 1133 are initially
set for worst case conditions. If the desired signal is sufficiently low, while the interferers are
sufficiently high, power savings may not be achievable over the worst case settings, since this is-
in fact the worst case condition. But, if the desired signal is someWhat larger than the worst case
condition, then power may be saved in at least two different ways.
[0078] For example, Figure 11C shows the maximum signal handling capability 1141 being
lowered. In this case, the interfering signals 1147 in 1148 began to clip and distort, thereby
creating intermodulation products 1145, which distort the desired signal 1146. So long as care is
taken to not corrupt the desired signal 1146 beyond an acceptable limit, typically measured by a
bit-error rate, power may be reduced in this way.
[0079] Similarly, in Figure 11D, the noise floor 1153 is raised somewhat, thereby saving
"power. Again, this may be done so long as the noise floor is not sufficiently high that the system

bit-error rate becomes unacceptable.
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[0080] Figure 12 is a summary of the above four examples. The received signal strengths are
shown in column 1210, while appropriate power saving responses are listed in column 1220.
Specifically, in row 1230, the desired signal and interferer signal strengths are both weak or
small. In this case, proper responses include decreasing Smax, or increasing one or more circuit
impedances while increasing the circuit gain. Depending on the exact circuit configuration, one
of these options may be preferred over the other. Alternately, they may be done in combination,
or done in combination with other power saving techniques. Also, in some specific
embodiments, when both desired signal and interferer signal strengths are small, the gain may
need to be increased while the impedance is maintained or not increased in order to keep the
noise floor low.

[0081] Inrow 1240, the desired signal strength is strong or large, while the interfering signals
are small. In this case, an appropriate response is to increase one or more of the circuit
impedances. Again, depending on the exact circuit in question, one or more of the bias currents
may also be reduced. .
[0082] Inrow 12510, both the desired signals and interfering signal strengths are large. Again,
in this case an‘appropriate response is to increase one or more of the circuit impedances.'

[0083] Inrow 1260, the received desired signal str¢ngth is weak or small, while the interfering
signals are large. Since this is the worst case situation for which the circuit is designed,
substantial power savings are difficult to achieve. However, again, if the received signal is
above a minimum level necessary for proper operation, some distortion of the interferers or
raising of the noise floor may be acceptable.

[0084] It should be noted that not all possible signal conditions are listed here. For example,
either the signal or interferer may be of a relatively medium strength, or the inferferer may be
absent. Also, these terms are for exemplary purposes and are not meant to convey specific signal
conditions, but rather are only qualitative. The proper response to a specific condition depends
on the embodiment of the present invention, the particular circuit topology, the requirements of
the signaling standard used, as well as other constraints.

[0085] Figure 13 is an example shown how power may be saved as a function of time by
employing one or more of these methods consistent with embodiments of the present invention.
Power is plotted along a Y-axis 1304 as a function of time along X-axis 1302. Conventional

worst case design would fix power dissipation at line 1310. As can be seen, dynamic power
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dissipation 1320 under the control of variable gains, impedances, biasing, or combination
thereof, allows for a lower average power 1330 as compared to the power dissipated 1310 by the
conventional design.

[0086] Figure 14 is a block diagram of a portion of a receiver consistent with an embodiment
of the present invention. Included are low-noise amplifier 1410, mixer 1420, gain stage 1430,
filter 1440, AGC amplifier 1450, and VCO 1460. Signal strength detection is done at the output
of the low-noise amplifier by signal strength indicator 1470, at the output of the mixer by signal
strength indicator 1472, and at the output of the filter by signal strength indicator 1474. The "
outputs of the signal strength indicator circuits are received by the computational circuit 1470,
which in turn controls gain and power control circuits 1480 and 1485. Power and gain control
circuits 1480 and 1485 control the gain, biasing, and impedance levels of the circuits in the
receiver signal path. Also, the gain and power control circuits may control the same parameters
in the VCO 1460. This figure is greatly simplified for purposes of explanation. For example, the
quadrature nature of the mixers and following circuits are not shown. Also, power-down and
start-up circuits are not included.

[0087] The current level in the low-noise amplifier determines a multitude of parameters
including voltage gain, linearity, input impedance matching, and noise figure. When conditions
are better than worst-case, some of these parameters may be relaxed while maintaining an
acceptable bit-error rate, thus saving power. _

[0088] The bias current in the mixers effect that block’s noise figure and linearity. Care is
taken in reducing power in this block so as not to increase nonlinearities, particularly the third-
order nonlinearity as measured by IP3, the third-order intercept point, beyond an acceptable
limit.

- [0089] A key parameter of the VCO is phase noise, an increase in which increases the
sidebands on either side of the oscillation signal. During transmission, the phase noise should be
kept low to avoid interference with adjacent channels and for preserving modulation information.
[0090] During reception however, if the conditions ayé better than worst case, the phase noise
requirement for the VCO is relaxed, and power can be saved consistent with embodiments of the
present invention. The achievable phase noise power spectral density is approximately inversely
proportional to the bias current used. Thus, when low phase noise is not required during

reception, bias current in the VCO can be reduced.
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[0091] Most of the power savings in a transceiver in accordance with embodiments of the
present invention is achieved in the receiver portion. Additional power may be saved in the
transmitter section. _

[0092] Figure 15 is a block diagram of a transmitter portion consistent with an embodiment of
the present invention. Included is a signal path formed by gain stage 1510 and power amplifier
1520. The output power level is sensed by output level sensing circuit 1550, which in turn
adjusts the biasing of the power amplifier 1520 through the power control circuit 1540.
Additionally, a transmitter level control signal is received by power control circuits 1530 and A
1540, which in turn control the biasing of gain stage 1510 and power amplifier 1520. Gain
.control circuit 1560 also adjusts the gain of gain stagé 1510 and power amplifier 1520.
Additional circuitry that varies impedances in each of these circuits may also be included.
[0093] Since the gain, impedance and biasing of these blocks are being dynamically varied,
care must be taken to not negatively affect the signal being processed. For example, specific
embodiments of the present invention perform some or ail of these variations during preamble.
Also, as changes occur, the circuits in some embodiments are limited such that they may only
adapt to an improvement in conditions after frames are completed. If conditions worsen, the
circuits may be allowed to change in order to save the data. Alternately, a system may be .
manually calibrated, for example at set up, and when the network configuration is changed.
[0094] The above description of specific embodiments of the invention has been presented for
the purposes of illustration and description. It is not intended to be exhaustive or to limit the .
invention to the precise form described, and many modifications and variations are possible in
light of the teaching above. The embodiments were chosen and described in order to best
explain the principles of the invention and its practical applications to thereby enable others
skilled in the art to best utilize the invention in various embodiments and with various

modifications as are suited to the particular use contemplated.
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WHAT IS CLAIMED IS:

1. A method of receiving a signal using an integrated circuit, the ‘integrated
circuit comprising a signal path including a low-noise amplifier configured to receive the signal,
a mixer having an input coupled to an output of the low-noise amplifier, and a ldw—pass filter
having an input coupled to an output of the mixer, the method comprising:

determining a first signal strength at a first node in the signal path in the
integrated circuit; and

dynamically changing an impedance of a component in the signal path based on

the first signal strength.

2. The method of claim 1 wherein the signal comprises a preamble portion

" and a data portion, the impedance of a component is changed while receiving the preamble

portion, and the method further comprises receiving the data portion of the signal.

3. The method of claim 2 further comprising:
determining a second signal strength at a second node in the signal path, wherein

the second node in the signal path is after the first node in the signal path.

4. . The method of claim 3 wherein the impedance of the component in the

signal path is also changed based on the second signal strength.

5. The method of claim 2 wherein the component in the signal path

comprises a MOS transistor.

6. The method of claim 2 wherein the component in the signal path

comprises a resistor.

7. The method of claim 2 wherein the component in the signal path

comprises a capacitor.

8. The method of claim 4 wherein the component in the signal path is

included in the mixér.
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9. The method of claim 4 wherein the component in the signal path is

included in the low-pass filter.

10. A method of receiving a signal comprising a preamble portion and a data -
portion using an integrated circuit, the integrated circuit comprising a signal path including a
low-noise amplifier configured to receive the signal, a mixer having an input coupled to an
output of the low-noise amplifier, and a low-pass filter having an input coupled to an output of
the mixer, the method comprising:

determining a first signal strength at a first node in the signal path in the
integrated circuit; and

while receiving the preamble portion of the signal, dynamically changing a bias

current in the signal path based on the first signal strength.

11.  The method of claim 10 wherein the method further comprises receiving

the data portion of the signal.

12.  The method of claim 11 further comprising:
determining a second signal strength at a second node in the signal path, wherein

the second node in the signal path is after the first node in the signal pathv.

13.  The method of claim 12 wherein the bias current in the signal path is also

changed based on the second signal strength.

14. The method of claim 11 wherein the bias current is a bias current for the

low-noise amplifier.

15. .The method of claim 11 wherein the bias current is a bias current for the

mixer.

16. The method of claim 11 wherein the bias current is a bias current for the

low-pass filter.
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17. A method of receiving a signal using an integrated circuit, the integrated
circuit comprising a signal path including a first circuit and a second circuit having an input
coupled to an output of the first circuit, the method comprising:

| determining a first signal strength at a first node in the signal path in the
integrated circuit, wherein the first node is before the first circuit in the signal path;
dynamically changing a gain of the first circuit based on the first signal strength;
and -
dynamically changing an impedance of a component in the second circuit based

on the first signal strength.

18.  The method of claim 17 wherein the signal comprises a preamble portion
and a data portion, the gain and impedance are changed while receiving the preamble portion,

and the method further comprises receiving the data portion of the signal.

19. The method of claim 18 further comprising:
determining a second signal strength at a second node in the signal path, wherein

the second node in the signal path is after the second circuit in the signal path.

20.  The method of claim 19 wherein the gain of the first circuit and

impedance of the component in the second circuit is also changed based on the second signal

strength.
21.  The method of claim 18 wherein the first circuit is a low-noise amplifier.
22.  The method of claim 18 wherein the first circuit is a mixer.
23. A wireless transceiver integrated circuit comprising:
a receiver comprising a signal path, the signal path comprising:
a low-noise amplifier; »
a mixer having an input coupled to an output of the low-noise amplifier;
and

a low-pass filter having an input coupled to an output of the mixer; and

~
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a first signal strength indicator circuit coupled to the signal path, and configured
to determine a first signal strength; '
wherein an impedance in the signal path is configured to be dynamically adjusted

in response to the first signal strength.

24. The wireless transceiver of claim 23 further comprising:

a second signal strength indicator circuit coupled to the output of the mixer, and
configured to determine a second signal strength,

wherein the first signal strength indicator is coupled to the output of the low-noise
amplifier, and

wherein the impedance in the signal path is configured to be adjusted in response

to the first and second signal strengths.

25. The wireless transceiver of claim 23 further comprising:

a second signal strength indicator circuit coupled to the output of the low-pass
filter, and configured to determine a second signal strength,

wherein the first signal strength indicator is coupled to the output of the mixer,
and |

wherein the impedance in the signal path is configured to be adjusted in response

to the first and second signal strengths.

26. A wireless transceiver integrated circuit comprising:
a receiver comprising a signal path, the. signal path comprising:
' a low-noise amplifier;
a mixer having an input coupled to an output of the low-noise amplifier;
and '
a low-pass filter having an input coupled to an output of the mixer; and
a first signal strength indicator circuit coupled to the signal path, and configured
to determine a first signal strength, the first signal strength the strength of a signal comprising a
preamble portion and a data portion; _
wherein a bias current in the signal path is configured to be dynamically adjusted

during.the preamble portion of the signal in response to the first signal strength.
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27.  The wireless transceiver of claim 26 further comprising:

a second signal strength indicator circuit coupled to the output of the mixer, and
configured to determine a second signal strength,

wherein the first signal strength indicator is coupled to the output of the low-noise
amplifier, and

wherein the bias current in the signal path is configured to be adjusted in response

to the first and second signal strengths.

28.  The wireless ‘tranéceiver of claim 26 further comprising:

a second signal strength indicator circuit coupled to the output of the low-pass
filter, and configured to determine a second signal strength,

wherein the first signal strength indicator is coupled to the output of the mixér,
and |

wherein the bias current in the signal path is configured to be adjusted in response

to the first and second signal strengths.

29. A wireless transceiver integrated circuit comprising;:
a receiver comprising a signal path, the signal path comprising:
a first circuit; and
a second circuit having an input coupled to an output of the first circuit;
and '
a first signal strength indicator circuit coupled to the signal path, and configured
to determine a first signal strength;
wherein a gain of the first circuit is configured to be dynamically adjusted in
respoﬁse to the first signal strength, and
wherein an impedance in the second circuit is configured to be dynamically

adjusted in response to the first signal strength.

30.  The wireless transceiver of claim 29 further comprising:
a transmitter comprising:
a power amplifier; and

an output-level-sensing circuit coupled to an output of the power amplifier,
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5 wherein the output-level-sensing circuit is configured to dynamically adjust a gain

6  of the power amplifier.
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PATENT .
Attorney Docket No.: 021673-000210US

POWER DISSIPATION REDUCTION IN WIRELESS TRANSCEIVERS

ABSTRACT OF THE DISCLOSURE

Methods and circuits for reducing power dissipation in wireless transceivers and
other electronic circuits and systems. Embodiments of the present invention use bias current
reduction, impedance scaling, and gain changes either separately or in combination to reduce
power dissipation. For example, bias currents are reduced in response to a need for reduced
signal handling capability, impedances are scaled thus reducing required drive and other bias
currents in response to a strong received signal, or gain is increased and impedances are scaled in

response to a low received signal in the presence of no or weak interfering signals.
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.-. ‘FEB-_22'04 SUN 10:32 AM  TSIVIDIS FAX NO. ++1 212 8660743 P. 3

Attorney Docket No.: 021673-000210US ) PTO/SB/01A (08-03)
Clisnt Ref. No.:

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)
o o

Title of Invention ] POWER DISSIPATION REDUCTION IN WIRELESS TRANSCEIVERS |

As the below named inventor(s), {/we declare that:

This declaration i8 directed to:
e The attached application, or
a Application No. , filed on,

[0 as amended on (if applicable);

Uwe belleve that Iiwe am/are the original and firat inventor(s) of the gubject matter which is claimed and for which a patent is
sought:

Iiwe have reviewed and understand the contents of the above-identified application, including the claims, as amended by any
amendment specifically referred to above;

Iiwe acknowledge the duty to dlsclose to the United States Patent and Trademark Office all information known to me/us to be
materfal to patentability as defined in 37 CFR 1.36, Including for continuation-in-part applications, material information which
bacame available between the filing date of the prior application and the national or PCT Intemational filing date of the
oontinuation-in~part application. ’

All tatements made herein of my/our own knowledge are true, all statements made herein on information end belief are believed
to be true, and further that these statements were made with the knowledge that wiliful false etatsments and tha lke sre
punishabie by fine or Imprisonment, or both, under 18 U.S.C. 1001, and may jeopardize the vaildity of the appllcation or any
patent issuing thereon, )

FULL NAME OF INVENTOR(S)
inventor 1 Yannis Tsividis Date: 1—\3 P04
Signature: YM\M ( [V S~ Citizen of: _ Greece
Inventor 2 Date:
Signature: ' Citizen of.
Inventor 3 Date:
Signature: Citizen of:
inventor 4 , Date:
Signeture: Citizen of:
O Additional inventore are being named on additional form(s) attached hereto.
60138606 v1
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Application Data Sheet

Application Information

Application number::

Filing Date::
Application Type:: , Regular
Subject Matter:: Utility

Suggested classification::
Suggested Group Art Unit::
CD-ROM or CD-R?7::

Number of CD disks::

Number of copies of CDs::
Sequence Submission::

Computer Readable Form (CRF)?::

Number of copies of CRF::

Title:: POWER DISSIPATION REDUCTION IN
WIRELESS TRANSCEIVERS

Attorney Docket Number:: 021673-000210US

Request for Early Publication:: No

Request for Non-Publication:: ‘Yes

Suggested Drawing Figure:: ' _

Total Drawing Sheets:: 15

Small Entity?:: Yes

Latin name:: '

Variety denomination name::

Petition included?:: No
Petition Type::

Licensed US Govt. Agency::

Contract or Grant Numbers One::

Secrecy Order in Parent Appl.:: No

Page 1

Initial 2/23/2004
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Applicant Information

Applicant Authority Type::
Primary Citizenship Country::
Status::

Given Name::

Middle Name::

Family Name::

Name Suffix::

City of Residence::

State or Province of Residence::
Country of Residence::

Street of Mailing Address::

City of Mailing Address:: _
State or Province of mailing address::
Country of mailing address::

Postal or Zip Code of mailing address::

Correspondence Information

Correspondence Customer Number::

Representative Information

Representative Customer Number::

Domestic Priority Information

Inventor

Greece

. Full Capacity

Yannis

Tsividis

New York

NY

us

410 Riverside Drive, Apt. 52A
New York

NY

us

10025

20350

20350

Application:: Continuity Type:: Parent Application:: Parent Filing Date::
This Application An Appn claiming 60/451,229 03/01/03
-~ benefit under 35 USC
119(e) of
Foreign Priority Information
Country:: | Application number:: Filing Date::
Page 2 Initial 2/23/2004
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Assignee Information

Assignee Name:: Theta Microelectronics Inc.
Street of mailing address:: 2232 North First Street
City of mailing address:: San Jose

State or Province of mailing address:: CA
Country of mailing address:: us
Postal or Zip Code of mailing address:: 95131

Page 3 . Initial 2/23/2004
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PATENT. APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

02/27/2004 HDEMESS1 00000051 201430 10784613

01 FC:2001 385.00 DA
02 FC:2201 129.00 DR
03 FC:2202 . 90.00 DA
PTO-1556
(5/87) | |
*U.S. Govemment Printing Office: 2001 — 481-687/59173 . - o |PR2024-0081 6

Apple EX1002 Page 48

IPR2023-00818
Theta EX2019



Effective October 1, 2003

PATENT APPLICATION FEE DETERMINATION RECORD

Application orgocke,t Number

(22T L3

“**If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter *3.”- . Co
The “Highest Number Previously Paid For" (Total or Independent) is the highest number: found in the appropriate box in column 1.

CLAIMS AS FILED - PART | . SMALLENTITY OTHER THAN
. (Column 1) (Column 2) TYPE [ OR SMALL ENTITY
[ ToTAL CLAMS Z0 RATE | FEE RATE | FEE
FOR NUMBéR FILED NUMBER EXTRA BASIC FEEf 385.00 |oR Isasic Feg| 770.00
TOTAL CHARGEABLE CLAIMS Z@mmus 20-* /) xso- | 5 lon| xs18-
7 PR ' ’
WINDEPENDENT CLAIMS //) minus 3 = E xa3= | / 9/7 orl X86=
MULTIPLE DEPENDENT CLAIM PRESENT D i ‘
- +145= OR| +290=
* If the difference in column 1 is less than zero, enter “0” in column 2 TOTAL :2 $f LOR_TOTAL
L [ .
CLAIMS AS AMENDED - PART il . OTHER THAN
(Column 1) (Column 2) _(Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST 4
ADDI- ADDI-
< REMAINING NUMBER
- AFTER PREVIOUSLY | ocrmn RATE |TIONAL RATE | TIONAL
Z AMENDMENT PAID FOR FEE FEE
=
o | Total * Minus e = = X$18=
E ' X$ 9 OR $
5 lndependenf * Minus - = X43= OR X86=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM ]
+145= OR] +280=
TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
(Column 1) (Column 2)  (Column 3)
CLAIMS HIGHEST
o REMAINING NUMBER PRESENT ADDI- . | ADDI-
= AFTER’ PREVIOUSLY EXTRA RATE JTIONAL RATE [ TIONAL
3 AMENDMENT PAID FOR FEE : FEE
3 Total * Minus = ¢
% w = X$ 9= OR|] X8$18=
5 Independent | = Minus o = ) X43=. oR X86=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM . D
) +145= or| +290=
TOTAL OR TOTAL]
, ADDIT. FEE ADDIT. FEE
(Column 1) (Column'2)  (Column 3)
~ CLAIMS HIGHEST ' .
(&) REMAINING NUMBER PRESENT i ADDI- ADDI- |
E AFTER PREVIOUSLY EXTRA RATE JTIONAL RATE ] TIONAL
] AMENDMENT PAID FOR FEE FEE
=
otal i -
g T * Minus - X$ 9= OR | X$18=
Independent |« " {Minus =
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
+145= OR | +290=
* If the entry in column 1 is less than the entry in column 2, write “0" in column 3. 0T T TOTAL
** If the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20." ADDII'OFIQE- : QR ADDI'TT.o!;rEAé

FORM PTO-875 (Rev. 10/03)

Patent and Trademark

Office, Y.S. DEPARTMENT OF COMMERCE

IPR2024-00816 -

Apple EX1002 Page 49
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' * PTO/SBI05 (01-04) -
UTI LITY Attorney Docket No. 021673-000210US \
PATENT APPLICATION Fist inventor Tsividis, Yannis X
TRANSMITTAL ’ O
) Title POWER DISSIPATION REDUCTION gi?
IN WIRELESS TRANSCEIVERS (e 0]
(Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No. | EV 369 118 824 US ),@ g
D
]
Mail Stop Patent Application
APPLICATION ELEMENTS ADDRESS TO Commissioner for Patents
See MPEP chapter 600 conceming utility patent application contents. Zg;(;?ﬁ:f& 223131450
1. [X Fee Transmittal Form (e.g., PTO/SB/17) 7. ] CD-ROM or CD-R in duplicate, large table or
(Submit an original and a duplicate for fee processing) Computer Program (Appendix)
2. [X Applicant claims small entity status. 8. Nucleotide and/or Amino Acid Sequence Submission
See 37 CFR 1.27. (if applicable, all necessary)
3. [ Specification [Total Pages 25 ] a. [] Computer Readable Form (CRF)
(preferred arrangement set forth below) . . -
- Descriptive title of the Invention b. Specification Sequence Listing on:
- Cross Reference to Related Applications . : X
- Statement Regarding Fed sponsored R & D i. (] CD-ROM or CD-R (2 copies); or
- Reference to sequence listing, a table, " P f
or a computer program Iis_ting appendix ii. O aper_number of pages
A Sra‘_glf(%rsx‘r:ac:;?fe "I:;v:.:}g:ion c. [[] Statements verifying identity of above copies
- Brief Description of the Drawings ( if filed) ACCOMPANYING APPLICATIONS PARTS
- Detailed Description
- Claim(s) ) 9.7 Assignment Papers (cover sheet & document(s))
- Abstract of the Disclosure 10.[] 37 CFR3.73(b) Statement [ Power of
. (when there is an assignee) Attomney
4. x Drawing(s) (35 U.S.C.113)  [Total Sheets 15 ] . i ' .
5. Oath or Declaration [TotalPages 1~ | 11.[0J English Translation Document (if applicable)
a. [X] Newly executed (original or copy) 12.[J  Information Disclosure O Copies of IDS
. - Statement (IDSYPTO-1449 Citations
b. [:] Copy from a prior application (37 CFR 1.63 (d)) 13.00  Preliminary Amendment i
(for a continuation/divisional with Box 18 completed) 14' K Ret Rry ot Postcard (MPEP 503
i. (] DELETION OF INVENTOR(S) : etum Receipt Postcard (M )
s — (Should be specifically itemized)
igned statement attached deleting inventor(s) A .
named in the prior application, see 37 CFR 15.] Certified Copy of Priority Document(s)
1.63(d)(2) and 1.33(b). (if foreign prionity is claimed)
6. Application Data Sheet. See 37 CFR 1.76 16. Nonpublication Request under 35 U.S.C. 122
(b)(2)(B)(i). Applicant must attach form PTO/SB/35
or its equivalent
17.[0 Other:

18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in the first sentence of the
specification following the title, or in an Application Data Sheet under 37 CFR 1.76:

O Continuation O Divisional [ Continuation-in-part (CIP) of prior application No:

Prior application information: Examiner Art Unit:

For CONTINUATION OF DIVISIONAL APPS only: The entire disclosure of the prior application, from which an oath or declaration is supblled
under Box 5b, Is considered a part of the disclosure of the panying continuation or divisional application and Is hereby incorporated by
reference. The incorporation can only be relied upon when a portion has been inadvertently omitted from the submitted application parts.

19. CORRESPONDENCE ADDRESS

& Customer Number ' . 20350 OR [0 Correspondence address below

Name

Address -
. City | State Zip Code

Country I Telephone Fax
' \
E (Name (Print/Type) J. Matthew Zigmant Registration No. (Attomey/Agent) 44,005

) — .
Ls;gnarure J ﬁy/zﬁ' W ‘ Date | February 23, 2004
60142384 v / /
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PTO/SB/7 (10-03)

for FY 2004

Effective 10/01/2003. Patent fees are subject to annual revision.

(" FEE TRANSMITTAL

Complete if Known

\

Application Number

Filing Date

First Named Inventor

Tsividis, Yannis

E] Applicant claims small entity status. See 37 CFR 1.27

Examiner Name

wTAL AMOUNT OF PAYMENT | () 604

Art Unit

Attorney Docket No.

021673-000210US

METHOD OF PAYMENT (check all that apply)

FEE CALCULATION (continued)

r__] Check D Credit Card I_—_| Money OrderD Other D None

x Deposit Account:

3. ADDITIONAL FEES

**or number previously paid, if greater; For Reissues, see above

Fee Description

Surcharge - late filing fee or oath

Surcharge - late provisional filing fee or
cover sheet.

Non-English specification
For filing a request for reexamination

Requesting publication of SIR prior to
Examiner action

Requesting publication of SIR after
Examiner action

Extension for reply within first month
Extension for reply within second month

Extension for reply within third month
Extension for reply within fourth month

Extension for reply within fifth month
Notice of Appeal

Filing a brief in support of an appeal
Request for oral hearing

Petition to institute a public use
proceeding

Petition to revive — unavoidable
Petition to revive — unintentional
Utility issue fee (or reissue)
Design issue fee

Plant issue fee

- Petitions to the Commissioner

Petitions related to provisional

_applications

Submission of Information Disclosure
Stmt

Recording each patent assignment per
property (times number of properties)

Filing a submission after final rejection
(37 CFR § 1.129(a))

For each additional invention to be
examined (37 CFR § 1.129(b)}
Request for Continued Examination
(RCE)

Request for expedited examination
of a design application

Large Entity }Small Entity
Deposit Fee oo () [F°°  Foe(s
Account 20-1430 Code ® [code ®)
Number 1051 130 2051 65
1052 50 2052 25
Deposit
Account [Townsend and Townsend and Crew LLP 1053 130 1053 130
Name :
1812 2,520 |1812 2,520
[The Director is authorized to: (check all that apply) 1804 920" 1804 920*
Charge fee(s) indicated below Credit any overpayments
Charge any additional fee(s) or any underpayment of fee(s) 1805 1,840* |1805 1,840*
D Charge fee(s) indicated below, except for the filing fee
Jto the above-identified deposit account. 1251 110 2251 55
FEE CALCULATION 1252 420 |2252 210
1. BASIC FILING FEE 1253 950 2253 475
Large Entity |Sma|| Entity 1254 1,480 |2254 740
Fee Fee ee Fee  Fee Description Fee Paid
Code ($) Code  ($) 1255 2,010 [2255 1,005
1001 770 001 385 Utility filing fee 385 1401 330 |2401 185
1002 340 002 170 Design filing fee 1402 330 2402 165
1003 530 003 265 Plant filing fee 1403 290 2403 145
1004 770 004 385 Reissue filing fee
1005 160 005 80  Provisional filing fee 1451 1,510 1451 1,510
s | 01, [ %,
2. EXTRA CLAIM FEES FOR UTILITY AND REISSUE 1501 1,330 2501 665
Fee from 1502 480 2502 240
Extra Claims below Fee Paid 1503 640 2503 320
Total Claims @ 20" = o Mo E poo ] |10 130 |60 130
ndependent 1807 50 1807 50
[Claims -3 = 3 129 .
1806 180 1806 180
Multiple )4 I= I |
Pependent 8021 40  |8021 40
Large Entity mall Entity
Foe Feo Feo Feo Fee Description
iCode  ($) iCode ($) Tee Description 1809 770 2809 385
1202 18 2202 9 Claims in excess of 20
1201 86 2201 43 Independent claims in excess of 3 1810 770 |2810 385
1203 290 2203 145 Multiple dependent claim, if not paid
** Reissue independent claims 1801 . 770 2801 385
1204 86 2204 4 over original patent
** Reissue claims in excess of 20 1802 900 1802 900
1205 18 2205 9 and over original patent

Fee
Paid

*Reduced by Basic Filing Fee Paid SUBTOTAL (3) %)
(" susmITTED BY Complete (if applicable)
Name (Print/Type) J. Matthew Zigmant Registration ) (Attomey/Agent) | 44,005 Telephone 650-326-2400
Signature 7 m Date February 23, 2004
WARNING: Informiation on this for ayﬁ(ome public. Credit card information should not be
included on this form. Provide crégi cagd information and authorization on PT0-2038.
60142388 v1
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PTO/SB/35 (02-01)

NONPUBLICATION REQUEST First Named Inventor | Yannis Tsividis )
CERI,I:IDCEART|ON Title I POWER DISSIPATION REDUCTION IN WIRELESS TRANSCEIVERS
35US.C.122(b)2)(B)(i) - | Aty Dooket Number | 0216730021005
J

IAhereby certify that the invention disclosed in the attached application has not and will not be the subject
of an application filed in another country, or under a muitilateral agreement, that requires publication at
eighteen months after filing.

| hereby request that the attached application not be published under 35 U.S.C. 122(b).

February 23, 2004 @ MZQ

Date ; Signat% /

Reg. No. 44,005

J. Matthew Zigmant
Typed or printed nhame

This request must be signed in compliance with 37 CFR 1.33(b) and submitted with the
application upon filing.

Applibant may rescind this nonpublication request at any time. [f applicant rescinds a request that
an application not be published under 35 U.S.C. 122(b), the application will be scheduled for
publication at eighteen months from the earliest claimed filing date for which a benefit is claimed.

If applicant subsequently files an application directed to the invention disclosed in the attached
application in another country, or under a multilateral international agreement, that requires
publication of applications eighteen months after filing, the applicant must notify the United States
Patent and Trademark Office of such filing within forty-five (45) days after the date of the filing of
such foreign or international application. Failure to do so will result in abandonment of this
application (35 U.S.C. 122(b)(2)(B)(iii)).

60142391 v1
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Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFICE

T
UNITED STATES DEPARTMENT OF COMMERCE
United Stutes Patent and Trademurk Office
Address: COMMISSIONER FOR PATENTS

PC. Box 14

Alexandria, Viginia 22313-1450

Ww W, uspLO.gov

| APPLICATION NUMBER | FILING OR 371 (¢) DATE |  FmrsTNaMmED APPLICANT [ arrorney pocker NuMBER |
10/784,613 02/23/2004 Yannis Tsividis 021673-000210US

CONFIRMATION NO. 8357
20350 \ FORMALITIES LETTER

T R OADERD CErER D CREW, LLP 0O L O R

EYg;?nI'E}zAEfggSDERO CENTER . *0C000000012717551*
SAN FRANCISCO, CA 94111-3834

Date Mailed:; 05/20/2004

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since it
does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS from
the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

o Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 are required. The drawings
submitted are not acceptable because:

= The drawings must be made on paper that has a white background (see 37 CFR 1.84
(e)). For example, drawings on graph paper, lined paper, or paper that has a non-white
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' ACTIVE CONTINUOUS-TIME FILTER WITH INCREASED DYNAMIC
RANGE IN THE PRESENCE OF BLOCKER SIGNALS

SPECIFICATION

RELATED APPLICATION
This application claims priority from provisional U.S. Application No.
60/243 939 filed October 27, 2000, which is incorporated herein by reference.

(0) OF

Radio'communication- receivers must receive desired signals at
predetermined frequencies while filtering out undesired signals at other frequencies.
The undesired signals can have a much larger signal strength than the desired signals.
These undesired signals are called “blockers” and are problematlc because the filter
that removes them must operate in its linear region to avoid dlstomon Therefore, the
maximum amplitude of all signals applied to the filter input must be limited so that
the blocker signals do not cause saturation, clipping or subtler fonns‘ of distortion such
as intermodulation (a typical measure of which is out-of-band third order input
intercept point or IIP3) in the filter. Consequently, the strength of the entire range of
signals to be processed, including the blocker signal and the desired signal, must be
appropriately limited. This means that the desired signal, which can be orders of
magnitude smaller than the blocker signals, will be limited to an extremely small
amplitude and can fall below the noise floor of the filter.

To keep the signal-to-noise ratio within a reasonable range, the noise

of the filter, which is advantageously implemented as an integrator circuit, must be

kept extremely low which can result in a large chip area and have large power

dissipation. Accordingly, it is difficult to implement these filters on an integrated

circuit chip, ﬁecessitating the use of other technologies which can have penalties in
terms of cost and size. )
One technique known in the prior art to construct a radio

communication receiver is the active RC technique as described in Mihai Banu &

o1-

IPR2024-00816
Apple EX1002 Page 65

IPR2023-00818
Theta EX2019



WO 02/35756 . ' . PCT/US01/48232

10

15

20

25

30

Yannis Tsividi's; An Elliptic Continuous-Time CMOS Filter with On-Chip Automatic

Tuning, SC-20 IEEE Journal of Solid-State Circuits, 1114, 1114-1121 (Dec. 1985).
‘This technique employs fully-balanced integrator stages, each stage consisting of

resistors, capacitors and operational amplifiers. Fully-balanced operation, which
means that each integrator has two output terminals where the signals at each output
terminal are identical in magnitude to one another, but have opposite polarity,.
improves the filter’s common-mode interference rejection performance. Because the
frequency response of'an active filter designed in this fashion depend on the
resistance and capacitance values of the chip cdmponents, and because those values
may vary due to fabrication tolerances and temperature variations, a technique was
described for making the resistors in the active filter tunable to compensate for
unwanted variations in the frequency response of the filter. Specifically, the prior art
describes all of the resistance element in the active filter being embodied as
MOSFETs operating in their triode or nonsaturation region, designed and biased to
function as variable resistors whose resistance is tuned by the gate voltage applied to
the MOSFETs. This technique suffers from the disadvantage that large blocker
signals present at the input of the active filter may force the MOSFETsS that are
functioning as variable resistors into a non-linear region of operation, thereby causing
distortion in the signals present at the output of the active filter, as previously

described.

SUMMARY OF THE INVENTION

It is an object of the present invention to process the desired signal and

reject blocker signals without excessive power dissipation or chip area. The objectis
achieved by the introduction of linear resistance elements to the input stage of the

active filter. The response of the fixed-value resistors at the input stage remains linear

~ despite the large blocker signals at the input of the filter. The blocker signals are

sufficiently attenuated by the input stage so that subsequent MOSFETs are not forced
into a non-linear region of operation by the blocker signals. A gain compensation
stage is added to the active filter to offset any changes to the gain of the filter caused

by the use of both the linear resistance and the variable MOSFET resistance elements.
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In one ex=mplary embodiment of the present invention, an active filter
is provided having a first fully balanced active integrator with linear resistance
elements such as fixed value resistors at the input stage, at least one intermediate fully
balanced active integrator with variable value resistors at the input stage and a
variable gain output stage compensating for the gain variation caused by the mismatch
of the fixed value resistors to the variable value resistors. '

In another exemplary embodiment, the fixed resistors are polysilicon
resistors.

In another exemplary embodiment, the variable resistors are tunable .
metal oxide silicon field effect transistors (MOSFETS). '

In a further exemplary embodiment, the gain of the variable gain
output stage corresponds to the ratio of the resistances of the linear resistors and the
variable value resistors.

' In a still further exemplary embodiment, the active filter includes a
phase equalizer circuit connected to the filter output.

In yet another exemplary embodiment, the active filter includes

coupling capacitors interconnecting the various integrator stages.

RIEF DE 0 D

Fig. 1 is a.circuit diagram illustrating an exemplary embodiment of the
present invention.

Fig. 2 is a circuit diagram illustrating an implementation of a fully
balanced amplifier useful in the embodiment illustrated in Fig. 1.

Fig. 3is ablock diagram of a circuit useful as a gate voltage source for
the variable resistors illustrated in Fig. 1.
' Fig. 4 is a circuit diagram of a one-quarter frequency divider useful in
the circuit of Fig. 3.

Fig. 4A is a circuit diagram of a voltage converter useful in the circuit ‘
of Fig. 3. _

Fig. 5 is a circuit diagram of a reference filter useful in the circuit of
Fig. 3.
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Fig. 6 is a circuit diagram of a voltage multiplier useful in the circuit of

Fig. 3.

Fig. 7 is a circuit diagram of a low-pass filter useful in the circuit ;>f
Fig. 3.

Fig. 8 is a circuit diagram of a charge pump useful in the circuit of Fig..
3.

Fig. 9 is a circuit diagram of a phase équalizer circuit useful at the
output of the circuit illustrated in Fig. 1.

LARY E DIME
In Fig. 1 an exemplary embodiment of a low-pass filter in accordance
with the invention for a direct conversion or zero intermediate frequency receiver is

illustrated. The embodiment described has a cut-off frequency of 1.92 MHz, in-band

gain of 8.5 dB and out-of-band rejection at 10 MHz of 64 dB.

In operation, fully balanced input signals are applied at input ferminals
1 and 2 of the filter. For purposes of this specification and claims, fully balanced
meané the signals at each input terminal of a circuit are identical in inagnitude to one
another except have opposite polarity (i.e. the signals are 180° out of phase with
respect to one another), and the signals at each output terminal of the circuit are
identical to one another except have opﬁosite polarity. The input signals pass through
first fully balanced integrator 72 which consists of linear (e.g. fixed value) resistors 3
and 4, fully differential amplifier 8, linear capacitors 7 and 9, vaﬁable resistors 37, 38,
39 and 40. Fully differential amplifier 8 has a non-inverting input 5, an inverting input
6, a inverting output 10anda non-inverting output 11. Fully differential amplifier 8 is
described in detail herein with reference to Fig. 2. Ling’ar capacitor 7 and variable
resistor 39 are connected in parallel between the non-inverting input 5 and the
inverting output 10 of amplifier 8. Similarly, linear capacitor 9 and variable resistor
40 are connected in parallel between the inverting input 6 and the non-inverting
output 11 of amplifier 8. Linear resistors 3 and 4 are preferably polysilicbn resistors
with nominal resistance of 5 kQ. Variable resistors 37, 38, 39 and 40 are preferably
MOSFETs operating in the triode or nonsaturation region each designed and biased at
its gate terminal to have a nominal resistance of 5 kQ. The gate voltage Vg of the
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MOSFET transistors controls the channel resistance of the MOSFET devices, causing
them to function as voltage controlled resistors. Gate voltage Vg of variable
MOSFET resistors 37, 38, 39 and 40 is discussed in detail herein with respect to Figs.
3-8. Linear capacitors 7 and 9 are preferably composed of polysilicon plates and each
have a capacitance of 17.7 pF. '

After passing through integrator 72, the blocker signal is partially
attenuated in the fully balanced output signals present at output nodes 10 and 11. The
output signals of the integrator 72 are then applied to a first intermediate fully
balanced active integrator 71, first passing through variable resistors 12 and 13.
Variable MOSFET resistors 12 and 13 are implemented identically to variable
MOSFET resistors 39 and 40. The signals then pass through balanced amplifier 17
and linear capacitors 16 and 18. Fully balanced amplifier 17 is identical to fully
balanced amplifier 8. Linear capacitors 16 and 18, like Hpear capacitors 7 and 9, are
preferably formed with polysilicon plates, each having a capacitance 0f23.7 pF.

' The first intermediate integrator stage 71 provides fully balanced
output signals at terminals 19 and 20 with the blocker signal further attenuated. The

signals then enter a second intermediate integrator 21, identical to the first

~ intermediate integrator 71 but with linear feedback capacitors 65 and 66 each having a

capacitance of 35.3 pF. The signals at terminals 19 and 20 are applied to the second
intermediate integratér 21 at variable MOSFET input resistors 77 and 78,
respectively, which are connected to the inverted input 82 and the non-inverted input .
81 of fully balanced amplifier 89 of the second intermedi_@te integrator 21,
respectively. The second intermediate integrator 21 provides fully balanced output
sigﬁals at terminals 51 and 52 with the blocker signal further attenuated. The signals
at terminals 51 and 52 are the applied to a third intermediate integrator stage 22,
identical to second intermediate integrator stage 21. The signals at ten.:ninals 51 and
52 are received by the third intermediate integrator 22 through variable MOSFET
input resistors 85 and 86, respectively, which are connected to the inverted input 87
and the non-inverted input 88 of fully balanced amplifier 90 of the integrator 22,
respectively. The third intermediate integTaior 22 provides fully balanced output
signals at terminals 53 and 54 with the blocker signal further attenuated.
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The signals at terminals 53 and 54 are applied to a final integrator 23 -
through variable MOSFET resistors 56 and 55, respectively, which are connected to
the inverted'input 60 and the non-inverted input 59 of the fully balanced amplifier 91
of the infegrator 23, respectively. The final integrator 23 is identical to the initial
integrator 72, but with variable MOSFET resistors 55 and 56 at the input stage rather
than fixed value resistors 3 and 4 and with feedback linear capaéitors 70 and 71 each
haﬁng a capacitance of 17.7 pF. The signals provided by the final integrator stage are -
fully balanced signals present at terminals 26 and 27. At this stage, the blocker signal
will be nearly completely eliminated from the output signal. However, because linear
resistors 3 and 4 have a different physical structure than that of the MOSFETSs, there
is no correlation between the values of the fixed resistors and the values of the
variable resistors (i.e. the MOSFETs) over fabrication tolérances and temperature
variations, which can cause undesired variations of filter gain. Consequently, a

variable gain output stage 57 is utilized to compensate for the undesired gain

“variation.

The signals at terminals 26 and 27 enter variable gain output stage 57
through variable MOSFET resistors 28 and 29, each having a nominal resistance of 5
kQ. The signals then pass through amplifier 33 having linear feedback resistors 32
and 34. Linear resistors 32 and 34 are selected to offset the effect variation caused by
linear resistors 3 and 4. In the exemplary embodiment illustrated in Fig. 1, it can bé
shown that the gain of the active filter 100 is proportional to the resistance of the
linear output resistors 32 and 34 and inversely proportional to twice the resistance of
the linear input resistors 3 and 4. Accordingly, resistors 32 and 34 are preferably
polysilicon resistors with nominal resistance of 10 kO which ensures the nominal ga.m
of the filter is 0 dB. The non-inverting and inverting outputs of amplifier 33 are
connected to the non-inverting and inverting outputs 36 and 35 of the active filter 100.

As can be seen in Fig. 1, the exemplary embodiment utilizes four
coupling capacitors 43A, 43B, 43C, 43D connected between terminals 6 and 44, 5 and
45,11 and 46, and 10 and 47, respectively, and four coupling capacitors 58A, 58B,
58C, 58D connected between tenninals 44 and 60, 45 and 59, 46 and 27, and 47 and
26 respectively. Adjusting the capacitance of these coupling capacitors
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correspondingly adjusts placement of the transmission zeros on the frequency
response plot of the filter. In an exemplary embodiment, the two groups of coupling

. capacitors 43A, 43B, 43C and 43D, and 58A, 58B, 58C and 58D each consist of -

polysilicon plate capacitors, where the capacitors of the first group 43A, 43B, 43C
and 43D each have a capacitance of 2.46 pF and the capacitors of the second group
58A, 58B, 58C and 58D each have a capacitance of 0.904 pF.

Additionally, as can be seen from Fig. 1, the integré.tors 72,71, 21 and
22 each have a second set of signal inputs for accepting the feedback signal from the
output of the subsequent integrator. Specifically, variable MOSFET resistors 37 and
38 connect the inverted and non-inverted output of the second integfator 71 at
temina1§ 19 and 20, respectively, to the non-inverting and inverting inputs of the first
fully Balanced amplifier 8 at terminals 5 and 6, respectively. Consequently, the
signals present at the inverted and non-inverted output terminals 10, 11 of the fully
balanced amplifier 8 of the integrator 72 repreéent the integral of the sum of the two

.input signals (i.e. the balanced primary input signals present at terminals 1, 2 and the

balanced feedback input signal present at terminals 19, 20). In a similar fashion,
variable MOSFET resistors 41 and 42 connect the inverted and non-inverted outputs
of the amplifier 89 of the third integfatdr 21 at terminals 51 and 52, respectively, to
the non-inverting and inverting inputs of the amplifier 17 of the second integrator 71
at terminals 14 and 15, respectively. Further, the inverted and non-inverted outputs of
amplifier 90 of integrator 22 at terminals 53 and 54, respectively, are fed back through
variableb MOSFET resistors 79 and 80, respectively, into the non-inverted and
inverted inputs 81 and 82 of fully balanced émpliﬁer 89 of integrator 21, respectively,
and the inverted and non-inverted outputs of fully balanced amplifier 91 of integrator
23 at terminals 26 and 27, respectively are fed back through variable MOSFET
resistors 83 and 84, respectively, into the non-inverted and inverted inputs 88 and.89
of the fully balanced amplifier 90 of integrator 22, respectively. All MOSFET
variable resistors 12, 13, 24, 25, 28, 29, 37, 38, 39; 40, 41, 42, 55, 56, 77, 78, 79, 80,
83, 84, 85 and 86, in circuit 100 are preferably identical. In the exemplary
embodiment shown in Fig. 1, all variable resistors are n-channel MOSFETS.

-
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Referring now to Fig. 2, an exemplary embodiment of the fully
balanced amplifier 8 used in the filter 100 illustrated in Fig. 1 is shown. Other
amplifiers 17, 89, 90, 91 and 93 illustrated in Fig. 1 have identical structures. The
operation of fully balanced amplifier 8 will be apparent to one of ordinary skill in the
art.

Input signals are is applied to the non-inverting and inverting inputs of
the fully balanced amplifier 8 at terminals 101 and 103, respectively, which voltages
are in turn applied to the base'terininals of npn bipolar junction transistors (BIT) 113
and 115. The emitter terminals of transistors 113 and 115 are tied together at node
117 and connected to the drain of an n-channel MOSFET current source 109 having
its source terminal connected to ground 105. The collector terminals of transistors
113 and 115 are tied to the drain terminals of p-channel MOSFETSs 127 and 129
respectively at nodes 131 and 133. The gate terminals of transistors 127 and 129 are
connected together at node 135.

Node 131 is connected to the base terminal of npn BJT 123. The

‘emitter terminal 112 of transistor 123 is tied to the d.rain terminal of a MOSFET

current source 107, which in turn has its source terminal connected to ground node
105. Terminal 112 also serves as a first (non-inverted) fully 13a1anced output terminal.
Similarly, node 133 is connected to the base terminal of npn BJT 125. The emitter
terminal 114 of transistor 125 is tied to the drain terminal of an n-channel MOSFET
current source 111, having its source terminal connected to ground node 105.
Terminal 114 also serves as a second (inverted) fully balanced output terminal of the
amplifier 8. ' ,

_ The source terminals of transistors 127 and 129 are tied together at
supply voltage node 137. The collector terminals of transistors 123 and 125 are also
connected to supply voltage node 137.

Amplifier 8 emoploys a common mode feedback servo circuit 160.
Two npn BITs 145 and 149 have their emitter terminals tied together at node 151
which is connected to the drain terminal of an n-channel MOSFET current source
110, which has its source terminal connected to ground node 105. The base terminal

153 of transistor 145 is connected to the juncture of resistors 141 and 143, each with a
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nominal resistance of 40 kQ. Resistor 141 is connected betweeﬁ base terminal 153 of
transistor 145 and inverted output terminal 114 of amplifier 8, while resistor 143 is
connected between base terminal 153 of transistor 145 and non-inverted output

terminal 112 of amplifier 8. The collector terminal of transistor 145 is connected to

_ supply voltage node 137.

The base terminal 155 of transistor 149 is connected to an external
voltage source, not shown. The collector terminal of transistor 149 is connected to the
drain terfnina.l of p-channel MOSFET 147. The drain terminal of transistor 147 is
also tied to gate terminal 135 which, as previously noted, is tied to the commonly
connected gate terminals of transistor pair 127 and 129. The source terminal of
transistor 147 is connected to voltage sdpply node 137. Voltage source 139 is
connected between ground node 105 and voltage supply node 137.

During operation, the amplifier 8, amplifies the fully balanced input
signals present at terminals 101 and 103, and provides 'fully balanced amplified
signals at terminals 112 and 114 respectively. The non-inverted and inverted output
signals at terminals 112 and 114 are preferably identical in magnitude but have
opposite polarity (i.e. the 0i1tput signals are 180° out of phase with respect to one
another). The average of the signals present at terminals 112 and 114 at any time is
set by the voltage present at terminal 155, which in an exemplary embodiment is
1.5V. .

To ensure that the MOSFETs of the filter 100 of Fig. 1 are operating
deep within their triode regions of operation and are thus acting as linear gate voltage
controlled variable resistors in the circuit of Fig. 1, it is necessary for the gate voltage
Vg applied to the MOSFETs acting as variable resistors to be approximately 4V when
the nominal channel resistance of the variable MOSFET resistors is 5 kQ, the channel
width is 18jum, the channel length is 10 pm and source and drain voltages are 1.5V A
using a common 0.8 pm BiCMOS technology. Because the supply. source available in

most low-power wireless applications is a low voltage battery cell, such as a lithiuin-

- jon cell that provides a supply voltage of 2.7V, a circuit is needed to boost the control

voltage which drives the gates of MOSFETs in the filter. Additionally, the circuit
supplying Vg will also control the frequency response of the overall active filter by
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adjusting the resistance of the MOSFET variable résistors, consequently a tuning
circuit is needed to control Vg and thereby the cutoff frequency. Fig. 3 shows a
tuning circuit suitable for controlling the gate voltage of the variable MOSFET
resistors shown in Fig. 1. . _

Referring to Fig. 3, an external reference clock 180 supplies a signal to
a % frequency divider 181, which buffers the rest of the tuning circuit from the clock,
thus making the tuning circuit insensitive to the reference clock voltage level. The Y%
frequency divider 181 is discussed in detail herein with reference to Fig. 4. The
output of the V4 frequency divider 187 is supplied to a reference filter 182, a voltage
multiplier 183 and a voltage level conversion circuit 189, the output of which is fed
into charge pump circuit 186. In an exemplary embodiment, the feference filter 182
selected is a second order MOSFET-C Butterworth low-pass filter with a cut off
frequency of 3.84 MHz, which ensures that the frequency comparison is performed
outside the passband of the active filter the circuit is intended to tune. The reférence
filter 182 is described in detail herein with reference to Fig.’s.

The output of the reference filter 182 is also supplied to voltage
multiplier 183. The output of voltage multiplier 183 is passed through a loop filter
184, which removes high frequency signals generated by the voltage multiplication

‘and allows a DC voltage to pass to charge pump 186. The voltage multiplier and low-

pass filter are discussed in detail herein with reference to Fig. 6 and Fig. 7,
respectively. Charge pump 186, described in detail below with reference to Fig. 8,
boosts the voltage présent at its input 185 to generate a sufficient Vg at terminal 188
to tune the MOSFETS acting as variable resistors in the active filter 100 shown in Fig.
1. The output of the charge pump 188 is fed back to the reference filter 182, ensuring
the Vg output 188 will vary with temperature changes so as to maintain the desired
frequency résﬁonsé of the main active filter 100 shown in Fig. 1.

Referring to Fig. 4, an exemplary embodiment of the % frequency
divider 181 of Fig. 3 is illustrated. The output of reference clock 180 of Fig. 3 is

"applied to non-inverting and inverting input terminals 404 and 406, respectively, of

the % frequency divider. In the exemplary embodiment, reference clock 180 of Fig. 3
is set to output a clock signal with frequency 15.36 MHz at 100 mVy,. The input
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clock signal enters a first flip-flop based digital divider 400. The operation of digital
divider 400 is well known to one of ordinary skill in the art. The input clock signals
at terminals 404 and 406 are divided in frequency by digital divider stage 400, and the
non-inverted and inverted outputs of the divider stage 400 are provided at terminals
410 and 412, respecﬁvely. The frequency of the oufput signals at terminals 410 and"
412 are one half the frequency of the input clock signals at terminals 404 and 406.
The balanced signals at terminals 410 and 412 then enter 2 secohd digital divider
stage 402, identical to first digital divider stage 400. The second digital divider stage
402 provides non-inverted and inverted output signals at terminals 414 and 416,
respectively, where the output signal frequency is % of the frequency of the input
clock signals present at terminals 404 and 406. In the exemplary embodiment, Ve is

2.7V and the output signal amplitude will typically be 400mVpp.

In Fig. 4A, an exemplary embodiment of a level conversion circuit is
shown. The signals present at the non-inverted and inverted outputs 414 and 416 of
the ¥4 frequency diﬁder of Fig. 4., respectively, enter the level conversion circuit at
input terminals 418 and 420. The signals at input terminals 418 and 420 are applied
to the gate terminals of two p-channel MOSFET transistors 436 and 434, respectively.
The drain terminals of transistors 436 and 434 are connected to the drain terminals of
two n-channel MOSFET transistors 438 and 440, respectively, each having its
substrate and source terminals connécted to ground node 424. Additionally, the gate A
terminals of the transistors 438 and 440 are both connected to the drain terminal of
transistor 438. The substrate terminals of input transistors 434 and 436 are each
connected to supply voltage node Vg 428, while the source terminals of both input
transistors 434 and 436 are tied to the drain terminal of p-channel MOSFET 430. The

- source and substrate terminals of transistor 430 are, in turn, connected to Vg4 supply

voltage node 428, while the gate terminal of transistor 430 is connected to received a
bias voltage Vs at terminal 426. The respective drain terminals of transistors 440
and 436 both are tied to the gate terminal of n-channel MOSFET 442, which has its
source and substrate terminals tied to ground nodé 424. The drain terminal of
transistor 442 is tied to the drain terminal of p-channel MOSFET 432, which, in turn,

has its substrate and source terminals tied to V44 supply voltage node 428 and its gate
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terminal tied to Vs terminal 426, The voltage at the Vigs terminal 426 may be
generated by a voltage divider circuit between Vaa supply voltage node 428 and’
ground node 424. The voltage at Vy;,s terminal 426 is selected to ensure fhat
approximately 10pA of current flows through MOSFET 430. The junction of the ‘

drain terminals of transistors 442 and 432 serves as an output térrninal 422 of the

. voltage level converter. This signal present at this output terminal serves as the clock

for the charge pump described herein with reference to Fig. 8.

In Fig. 5 an exemplary embodiment of the second order MOSFET-C
Butterworth low-pass reference filter 182 shown in Fig. 3 is illustrated. The
respebtive output signals' from the ¥ frequency divider 181 shown in Fig. 3 and Fig. 4
are present at the non-inverting and inverting input terminals 500 and 501 of reference
filter 182. The input signal at the non-inverting input terminal 500 passes through a
variable n-channel MOSFET resistor 502 and is applied at node 508, while the input
signal at the ihverting input terminal' 501 passes through a variable n-channel
MOSFET resistor 504 and is applied at node 506. The resi)ective resistances of the
MOSFET resistors 502 and 504 are both controlled by voltage Vg applied to their.
respective gates as previously described. The signal then enters fully differential
amplifier 514, feedback capacitors 512 and 516 and variable n-channel MOSFET
feedback resistors 510 and 518. Capacitors 512 and 516 are preferably fabricated in
the same manner as the linear capacitors in the active filer 100 shown in Fig. 1, and
each has a capacitance of 5.62 pF. Differential amplifier 514 is identical to the
amplifiers used in the active filter 100 illustrated in Fig. 1.

The signal present at nodes 506 and 508 are also connected to variable
n-channel MOSFET feedback resistors 522 and 524, respectively. MOSFET
feedback resistor 522 is cdnnected between node 506 and inverted output terminal
538 of reference filter 182, while MOSFET feedback resistor 524 is connected
between node 508 and non-inverted output terminal 539 of reference filter 182.

After paésing through the first integrator stage, the signal present at
node 520 passes through variable n-channel MOSFET resistor 528 to node 530, while
the signal present at node 521 passes through variable n-channel MOSFET resistor
526 to node 531. The balanced signal then enters differential amplifier 535 and linear
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feedback capacitors 533 and 534. Capacitors 533 and 534 are also preferably
fabricated in the same manner as the linear capacitors in the active filter 100 shown in
Fig. 1, and each has a capacitance of 11.25 pF. The fully differential amplifier 535
provides its inverted and non-inverted outputs at nodes 536 and 537, respectively.
Nodes 536 and 537 are tied to output terminals 538 and 539 of the reference filter

182, respectively.

In Fig. 6, an exemplary embodiment of the voltage multiplier 183 for
use in the circuit of Fig. 3 is illustrated. The operation of the voltage multiplier is
well known to one of ordinary skill in the art. The non-inverted and inverted signal -

~ outputs from the MOSFET-C reference filter 182 shown in Fig; 3 and Fig. 5 enters the

voltage multiplier at terminals 552 and 553, respectively. The non-inverted and
inverted output signals from the % frequency divider 181 shown in Fig. 3 and Fig. 4
enters the voltage multiplier at terminals 550 and 551, respectively. The respective
products of the two non-inverted and the two inverted input voltage signals are
provided at outpﬁt terminals 554 and 555, respectively. '

In Fig. 7, an exemplary embodiment of the loop filter 184 for use in the
circuit of Fig. 3 is illustrated. The loop filter is a common one pole low-pass filter,
well known to one of ordinary skill in the art. The non-inverted and inverted output
signals from the voltage multiplier 183 shown in Fig. 3 and Fig. 6 are present at input
terminals 600 and 601, respectively. The low-péss ﬁlte; shown in Fig. 7 filters the

input signals to remove unwanted high frequency components generated by the

~ voltage multiplier and to leave a DC voltage Vg required for tuning the MOSFET

variable resistors shdwn in Fig. 1. The filtered signal appears at a single ended output
terminal Vi, 185 as shown in Figs. 3 and 8.

' Referring to Fig. 8, an exemplary embodiment of a charge pump
circuit useful in the tuning system of Fig. 3 is shown. The charge pump is based on
the Dickson multiplier well known to one of ordinary skill in the art. See J.F.

-Dickson, On-Chip High Voltage Generation in NMOS Integrated Circuits Using an

Improved Voltage Multiplier Technique, IEEE Journal of Solid-State Circuits, June
1976, at 374, which is incorporated herein by reference: The voltage signal at

terminal 185 from the output of the low-pass filter 184 shown in Fig. 3 and Fig. 7 is
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applied to the non-inverting input terminal of a conventional opamp 207. The
inverting input terminal of opamp 207 is tied to its output terminal 205, which is in
_ turn connected to the emitter terminal df diode-connected npn BJT 211 and to the

input terminal of an inverter 255 whose output is connected to the gate terminal 256

5  of p-channel MOSFET 257. The base and collector terminals of transistor 211 are
connected to the drain terminal of p-channel MOSFET 257. The gate terminal 256 of
MOSFET 257 is biased with the inverse of the DC feed-back voltage of opamp 207
via inverter 255, which turns on MOSFET 257 to provide a current for the diode
connected transistor 211, the drain and substrate terminals of MOSFET 257 being

10  connected to Ve supply voltage node 258, which is nominally at 2.7 V. The currents
leaving the emitter terminal of transistor 211 and output terminal 205 of opampb 207
pass through a resistor 203 to the ground node 201. This arrangemént produces
appfoximately 20 pA of current through the drain terminal of MOSFET 257 when
node 205 is nominally set to 0.5V and resistor 203 is 25 kQ.

15 The volfage at node 213 is applied to the collector and base terminals
of diode-connected npn BJT 233. The emitter of transistor 233 is connected to first-
charge pump stage cohsisting of a diode connected BJT 235 and a capacitor 243.
Node 213 is also connected to source terminals of p-channel MOSFETs 223 and 231
of inverters formed by n-channel and p-channel MOSFETSs pairs 221, 223 and 227, -

20 231, respectively. The gate terminals 422 of MOSFETs 221 and 223 are connected to
the output of voltage level converter 189 shown in Fig. 3 and Fig. 4A. The amplitude
of the signal entering terminal 422 from the voltage converter 189 is CMOS level, and
the frequency of the sigﬂal is 3.84 MHz. The drain terminal of p-channel MOSFET
223 is connected to the drain terminal of n-channel MOSFET 221 at node 225. Node

25 225 is tied to the gate temxinﬂs of n-channel and p-channel MOSFET transistors 227
and 231’ respectively. The drain terminal of p-channel MOSFET 231 is connected to
the drain terminal of n-channel MOSFET 227 at node 229. The source terminals of n-
chiannel MOSFETs 221 and 227 are each tied to the ground node 201. ‘

MOSFETs 221, 223 and 227 and 231 function as two inverter circuits

30 connect‘ed in series which work as an amplitude regulator to control the amplitude of

the input signal applied to node 422 so that the resulting charge-pump output voltage
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can be defined by the formula: Vg=(n+1)Vin, where Vg is the gate voltage applied to
the gate terminals of the variable MOSFET resistors shown in Fig. 1,n is the number
of charge pump stages plus one and Vi, is the signal present at input terminal 185.

Node 225 is connected to the capacitors of the odd numbered charge
pump ‘stages.' Thus, in the exemplary embodiment where n equals seven and there are
six charge pump stages, node 225 is connected to.capacitors C, 243, C; (not shown),
and Cs 245. In contrast, node 229 is connected to the capacitors of the even numbéred
charge pump stages. Thus, in the exemplary embodiment described, terminal 229 is
connected to capacitors C; 244, C, (not shown), and C¢ 247. Each charge pump stage
capacitor 243,244,245 and 247 has a capacitance of 0.5 pF.

The charge pump éapacitors in turn are also connected to the collector
and base terminals of the diode connected BJTs 235, 237, 239, and 241. Thus, C,
243, is connected to node 261, C; is connected to node 259, C; and C; and their
associated diode connected BJTs are not shown, Cs 245 is connected to node 257 and
Cs is connected to node 255. The diode connected BJTs are connected in series, with
emitter terminal of BJT 235 connected to collector and base terminals 259 of BJT 237
and so on with the emitter terminal of final stage BJT 241 connected to terminal 253
which provides the desired Vg output voltage. Output voltage terminal 253 is also
connected to capacitor C; 249, having a capacitance of 10 pF, and the drain terminal
of an n-channel MOSFET active load 251, which provides a discharge path for the .
pull-down operation of the charge-pump. The source terminal of the MOSFET load
251 is connected to the ground node 201. The gate terminal of transistor 251 is
connected to the gate and drain terminals of an n-channel MOSFET 270 at node 271.
Node 271, in turn, is connected to terminal 272 for receiving Vias thr_ough a resistor
272.. The voltage Vs may be generated by a voltage divider circuit between the V,
voltage supply node 258 and ground node 201. The voltage Vy;s is selected to ensure
that approximately 10pA of current flows through MOSFET transistor 270

In the exemplary embodiment of the charge pump shown in Fig. 8,
polysilicon to polysilicon or metal to metal capacitors are employed, which reduces
the parasitic capacitance in the circuit. Accordingly, the output voltage Vi is related

to the input Vi, voltage by the formula: Vg=(n+1)Vi,, where n is the number of charge
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pump stages plus one. Consequently, in the exemplary embodiment, where n is seven
and Vi, generated by the low-pass filter 184 shown in Fig. 3 and Fig. 7 is
approximately 0.5 V, Vg is 4 V, which is sufficient to guarantee operation in the
triode region for the tunable MOSFET resistors in the cﬁcﬁt illustrated in Fig. 1.

. In Fig. 9, a phase equalization circuit for use in the active filter of Fig.

- lisillustrated. Such a circuit is well known to one of ordinary skill in the art. The

circuit is useful to linearize the group delay characteristic of the fifth order filter of the
exemplary embodiment illustrated in Fig. 1. The output signals from output terminals
35 and 36 of the active filter 100 illustrated in Fig. 1 are supplied to the input
terminals 303 and 301 of the phase equalization circuit, respectively. The signals then
enter through two circuit paths. In the first path, the signals received-at input
terminals 303, 301 are applied to capacitors 305 and 307, respectively. The signal
then enters fully balanced amplifier 318, feedback capacitors 319 and 321 and
variable n-channel MOSFET feedback resistors 325 and 323 connected betwéen
amplifier input terminals 315 and 317 and amplifier output terminals 329 and 327,
respectively. The signals at anipliﬁef output terminals 329 and 327 are fed to the
second circuit path, first to variable n-channel MOSFET resistors 331 and 337, then to
a second fully balanced amplifier 348, feedback capacitors 347 and 349 connected
between amplifier input terminals 345 and 343 and amplifier output terminals 351 and
353, respectively. ‘ | ‘

In the second circuit path, the input signal present at input terminal 301
is coupled through variable MOSFET resistor 335 and capacitor 339 to inputs 345 and
343, respectively of fully balanced amplifier 348. The input signal present at terminal
303 is coupled through variable MOSFET resistbr 333 and capacitor 341 to inputs
345 and 343, respectively of ﬁally balanced amplifier 348. The balanced output
signals from amplifier 348 present at nodes 351 and 353 are fed through variable
MOSFET resistors 313, 311, to the input terminals 315, 317, respectively, of fully
balanced amplifier 318. - A

In the exemblary embodiment illustrated, the fully baianced amplifiers
318, 348, capacitors 305, 307, 319, 321, 339, 341, 347 and 349, and variable
MOSFET resistors 311, 313, 323, 325, 331, 333, 335 and 337 are respectiveiy
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identical in construction to those in the fully balanced amplifiers, linear capacitors and
variable MOSFET resistors of the integrators 72, 71, 21, 22 and 23 of the active filter
100 shown in Fig. 1, except the variable MOSFET resistors are each designed to have
a nominal resistance of 10 k at the same gate voltage used in the filter 100 of Fig. 1,
5  and capacitors 339, 341, 347 and 349 each has a capacitance of 21.3 pF while

‘ capacitors 205, 307, 319 and 321 each has a capacitancé of 8.3 pF. The gate voltage
controlling the variable MOSFET resistors in the circuit of Fig. 9 is the same as that
controlling the variable MOSFET resistors in the circuit 100 of Fig. 1 and is generated -
by the circuit shown in Fig. 3. ' '

10 The foregoing merely illustrates the principles of the invention in an
exemplary embodiment. Various modifications and alterations to the described
embodiments will be apparent to those skilled in the art in view of the teéchjngs
herein. Particularly, the invention can be used in filters with numerous frequency
response shapes, not simply the low-pass filter for a direct conversion or zero

15  intermediate frequency receiver illustrated. Moreover, numerous deviations from the
circuit topdlogy shown in the attached drawings are possible. By way of example, it
is possible to eliminate the coupling capacitors 43A, 43B, 43C and 43D, and 58A,
58B, 58C and 58D in the circuit 100 sh;awn in Fig. 1. It will thus be fully appreciated
that those skilled in the art will be able to devise numerous systems and methods.

20  which, although not explicitly shown or described, embody the principles of the

* invention and are thus within the spirit and scope of the invention as defined by the

appended'claims.
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CLAIMS
1. An active filter having a first filter input termihal, a second filter input
terminal, ;a. first filter output terminal and a second filter output terminal, comprising:
a first fully balanced integrator comprising a first fully balanced
5 amplifier having a first non-inverting input, a first inverting input, a first
inverting output and a first non-inverting oﬁtput, a first capacitance element
and a first variable value resistance element coupled in parallel between said
first non-inverting input and said first inverting output, a second capacitance
element and a second variable value resistance element coupled in parallel
10 between said first inverting input and said first non-inverting output, a first
linear resistance element coupled between said first filter input terminal and
said first non-inverting input, a second linear resistance element coupled
between said second filter input terminal and said first inverting input, a third
variable resistance element having a first and second end, said first end
15 coupléd to said first non-inverting input terminal, and a fourth variable
resistance element having a first and second end, said first end coupled to said
first inverting input terminal;
a last fully Balanced integrator comprising a second fully balanced
amplifier having a second non-inverting input, a second inverting input, a
20" second inverting output and a second non-inverting output, a third capacitance
element and a fifth variable value resistance element coupled in parallel
between said second non-inverting input and said second inverting oﬁtput, a
fourth capacitance element and a sixth variable value resistance element
coupled in parallel between. said second inverting input and said second non-
25 inverting output, a seventh variable value resistancé element having a first end
and a second'end, said first end coupled to said second non-inverting input,
and an eighth variable value resistance element having a first end and a second
end, said first end 6oupled to said second inverting input;
a filter gain compensation stage comprising a third fully balanced
30 amplifier having a third nop-inverting input, a third inverting input, a third
iﬁverting output coupled to said first filter output terminal and a third non-
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inverting output coupled to said second filter output terminal, a third linear
resistance element coupled between said third non-inverting input and said
third inverting output, a fourth linear resistance element coupled between said
third inverting input and said third non-inverting output, a mnth variable value
resistance element coupled between said third non-inverting input and said
second non-inverting output, and a tenth variable value resistance element
coupled between said third inverting input and said second inverting output;

at least one intermediate fully balanced integrator coupled in
succession between said first and last fully balanced integrator, each
intermediate fully bala.ncéd integrator comprising a fourth fully balanced
Aampliﬁer haﬁng a fourth non-inverting input, a fourth inverting input, a fourth
inverting output and a fourth non-inverting oﬁtput, a fifth capacitance element
coupled between said fourth non-inverting input and said fourth inverting_
output, a sixth capacitance element coupled between said fourth inverting
input and said fourth non-inverting output, an eleventh variable value

resistance element coupled between said fourth non-inverting input and the

: noh—inverﬁng output of the amplifier of a respective one of the fully balanced -

integrator coupled to immediately precede said intermediate fully balanced
integrator, a twelfth variable value resistance element coupled between said
fourth inverting input and the inverting output of the amplifier of a respective
one of the fully balanced integrator coupled to immediately precede said
intermediate fully balanced integrator, a thirteenth variable value resistance
element coupled between said fourth non-inverting input and the inverting

oufput of the amplifier of a respective one of the fully balanced integrator

“ coupled to immediately succeed said intermediate fully balanced integrator,

and a fourteenth variable value resistance element coupled between said fourth

_ inverting input and the non-inverting output of the amplifier of a respective

one of the fully balanced integrator coupled to immediately succeed said
intermediate fully balanced integrator; and
wherein said second end of said third variable resistance element is

coupled to the inverting output of the amplifier of a respective one of the at
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least one of the intermediate fully balanced integrator coupled to immediately
succeed said first fully balanced integrator, said second end of said fourth
variable resistance element is coupled to the non-inverting output of the
amplifier of a respective one of the at least one intermediate fully balanced
integrator coupled to immediately succeed said first fully balanced integrator,
said second end of said seventh variable value resistance elément is coupled to
the non-inverting output of the amplifier of a respective one of the at least one
intermediate fully balanced integrator coupled to immediate precede said last
fully balanced amplifier and said second end of said eighth variable value
resistance element is coupled to the inverting output of the amplifier of a
respective one of the at least one intermediate fully balanced integrétor

coupled to immediately precede said last fully balanced amplifier.

2. The active filter of claim 1, wherein said first and second linear

resistance elements are fixed value polysilicon resistors.

3. The active filter of claim 1, wherein said first and second variable
value resistance elements are metal oxide semiconductor field effect transistors each
having a source, drain and gate terminal, wherein the resistance between said source

and drain terminals may be tuned by a voltage applied to said gate terminal.

4, The active filter of claim 1, wherein the gain of said filter gain
compensation stage corresponds to the ratio of the resistance of said first linear

resistance element to the resistance of said first variable value resistance element.

5. . The active filter of claim 1, wherein the resistance of said third linear
resistance element is proportional to twice the resistance of said first linear resistance

element..

6. The active filter of claim 1, further co?nprising a phase equalizer
coupled to said first and second filter output terminals.

20-
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7. The active filter of claim 1, wherein said at least one intermediate fully
balanced integrator comprises at least a first, second and third intermediate fully
balanced integrator, further comprising: .

' a seventh capacitance element, coupled between said first inverting
5 input and said fourth inverting output of the fourth fully balanced amplifier of
said second intermediate fully balanced integrator; ‘
an eighth capacitance element, coupled between said first non-
inverting input and said fourth non-inverting outpilt of the fourth fully
balanced amplifier of said second intermediate fully balanced integrator;

10 ‘ a ninth capacitance element, coupled between said first non-inverting
output and said fourth non-inverting input of the fourth fully balanced
amplifier of said second intermediate fully balanced integrator;

a tenth capacitance element, coupled between said first inverting
output and said fourth inverting input of the fourth fully balanced amplifier of

15 said second intermediate fully balanced integrator;

an eleventh capacifance element, coupled between said second -
inverting input and said fourth inverting output of the fourth fully balanced
amplifier of said second intermediate fully balanced integrator;

a twelfth capacitance element, coupled between said second non-

20 ' inverting input and said fourth non-inverting output of the fourth fully
balanced amplifier of said second intermediate fully balanced integrator;

a thirteenth capacitance elément, coupled between said second non-
inverting output and said fourth non-inverting input of the fourth fully
balanced amplifier of said second intermediate fully balanced integrator; and

- 25 a fourteenth capacitance element, coupled between said second

inverting output and said fourth inverting input of the fourth fully balanced

amplifier of said second intermediate fully balanced integrator.
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ACTIVE FILTER CIRCUIT WITH DYNAMICALLY
MODIFIABLE INTERNAL GAIN

SPECIFICATION

This appﬁcaﬁon claims priority to U.S. Provisional Application Serial
Number 60/260,722 filed January 10, 2001, and U.S. Provisional Application Serial
Number 60/288,976 filed May 4, 2001, each of which is incorporated by reference

herein in its entirety.

BACKGROUND OF THE INVENTION

The present invention relates to signal processors and, more
particularly, to signal processors that are dynamically modifiable for optimal
performance and reduced power dissipation.

In order to expand the dynamic range of a signal processing system,
companding signal processors can be used. A compaﬁding signal processor uses an
input amplifier to amplify or attenuate a signal before it is provided to a signal
processor, and an output amplifier is used to amplify or attenuate the signal provided
by the signal processor. A signal proéessing'circuit or signal processor includes an
active filter. The gain of the output amplifier is the inverse of the gam of the input
amplifier, thus coﬁserving the overall gaiﬁ of the signal processor. Ideally, the gains
of the input amplifier and output amplifier should be dynamically variable. A signal
strength detector can be used to measure thc strength of the input signal and provide a
processor apj)ropriate gain control signal to the input amplifier and the output
amplifier. See Y. Tsiyidis, "Extemnally linear, time-invariant systems and their

application to companding signal processors," IEEE Transactions on Circuits and

‘Systems II, Vol. 44, No. 2, February 1997. The gain control signal sets the

amplification factors of the input amplifier and the output amplifier. However, this
approach has the problem in that because the signal processor has memory, distortion

in the output of the signal processor occurs whenever the amplification factors of the

" input amplifier and the output amplifier are changed.

- IPR2024-00816
Apple EX1002 Page 97

IPR2023-00818
Theta EX2019



WO 02/056558 : PCT/US02/04668

10

15

20

25

30

The analog floating point technique addresses the problem of distortion
in the output whenever the amplification factors change. See E. Blumenkrantz, "The
analog floating point technique," Proc. IEEE Symposium on Low Power Electronics,
p. 72-73, 1995. This technique avoids distortion by altering the state variables of the
signal processor when the amplification factors change. HoWever, implementation of
the analog floating point technique is complicated, and is sensitive to parasitics and
component hﬁsma_tch. Accordingly, there is a need for circuits which expand the

dynamic range of a signal processor without interrupting the output of the system or

' causing distortion.

SUMMARY OF THE INVENTION

It is therefore an object of ﬂﬁs invention to provide acircuit which has
a. large dynamic range and which operates in an energy-efficient manner without
interrupting the output of the circuit or causing distortion. ,

In accordance with the present invention, there is provided an active
filter system including a system input for receiving a system input signal, a system
output for providing a system output signal, a main filter, a strength'detector, a zero
crossing detector and a gain control unit. The main filter having at least one
successive filter stagé having an input and an output, including a first filter stage, each
filter stage having an associated input amplification stage including a signal input, a
signal output coupled to the input of the associated filter stage and a gain control input
for receiving a gain control signal that determines the amplification factor of the
associated input amplification stage, the input of the input amplification stage
associated with each filter stage, exéept for the input amplification stage associated
with the first filter stage, being coupled to the output of a preceding filter stage, if any,
the input of the amplification stage associated with the first filter stage being coupled
to the system input, each filter stage having an associated output amplification stage

including a signal input coupled to the output of the associated filter stage, a signal

.output and a gain control input for receiving a gain control signal that determines the

amplification factor of the associated output amplification stage, the signal output of

the output amplification stage associated with a selected one of the at least one filter
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stage being coupled to the system output. The strength detector having an input
coupled to the output of the first filter stage, and having a first output and a second
output for providing respective output signals indicative of whether the first filter
stage is approaching saturation or is providing an outbut signal having less than a
minimum acceptable signal to noise ratio. The zéro crossing detector having at least
one input coupled to respective ones of the at least one output of the at least one filter
stage of the main filter, and having at least one output for providing at least one signal
indicative of when a successive one of the at least one filter stage 6f the main filter
provides a s;igual at its output that is approximately equal to zero. The gain control
unit having a first input and a second input respectively coupled to the output of the
strength detector and coupled to the at least one output of the zero crossing detector,
and having a multiplicity of outputs for providing respective gain control signals to
the gain control input of each mputbampliﬁcation stage and each output amplification
stage associated with the at least one filter stage of the main filter, the gain control
unit being responsive to signals provided initially by the strength detector indicative
of the first filter stage approaching saturation or providing an output signal having
less than the minimum acceptable signal to noise ratio, and a signal from the zero
crossing detector indicative of the output signal provided by the first filter stage being
approximately equal to zero for providing a gain control signal to the gain control
input of the input amplification stage associated with the first ﬁlter stage so that the
input amplification stage associated with the first filter stage has an amplification

factor that results in a signal strength at its signal output which avoids saturation of

the first filter stage and avoids the first filter stage providing a signal having less than
the minimum acceptable signal to noise ratio, and for providing a gain control signal
to the gain control iﬁput of the output amplification stage associated with the first
filter stage so that the output amplification stage associated with the first filter stage
has an amplification factor which is the reciprocal of the amplification factor of the .
input amplification stage associated with the first filter stage, the gain control unit
being-thereaﬁer responsive to signals provided initially by the strength detector
indicative of the first filter stage of the main filter approaching saturation or providing

an output having less than the minimum acceptable signal to noise ratio, and to a
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signal from the zero crossing detector indicating that an output signal at the output of

a successive filter stage, if any, being approximately equal to zero for providing a gain
control signal to the gain control input of the input amplification stage associated with
the successive filter stage so that the input amplification stage associated with the

successive filter stage has an amplification factor that results in a signal strength at its

- signal output that avoids saturation of the successive filter stage and avoids the

successive filter stage providing a signal having less than the minimum acceptable
signal to noise ratio, and for providing a gain control signal to the gain contrbl input
of the output amplification stage associated with the successive filter stage so that the
output amplification stage associated with the successive ﬁlter stage has an
amplification factor which is a reciprocal of the amplification factor of the input

amplification stage associated with the successive filter stage.

\

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects, features, and advantages of the invention will become
apparent from the following detailed description taken in conjunction with the
accompanying figures showing illustrative embodiments of the invention, in which:

Fig. 1 is a block diagram illustrating a prior art signal processing
system;

Fig. 2 is a block diagram illustrating a signal processing system in
accordance with the present invention;

Fig. 3 is a circuit diagram illustrating the main filter of a signal
processing system in accordance with the present invention;

Fig. 4 is a circuit diagram illustrating a switching unit of a signal
processing system in accordance with the present invention;

Fig. 5 is a circuit diagram illustrating a shift register usable in a signal
processing system in accordance with the pfeéent invention;

Fig. 6 is a circuit diagram illustrating a strength detector of a signal -
processing system in accordance with the present invention;

‘Fig. 7 is a circuit diagram illustrating a peak detector of a signal

processing system in accordance with the present invention;
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Fig. 8 is a circuit diagram illustrating a threshold detector of a signal
processing system in accordance with the present invention;

Figs. 9(a) and 9(b) are circuit diagrams illustrating a gain control unit
of a signal processing system in accordance with the present invention;
. Fig. 10 is a circuit diagram illustrating a coinparator of a signal
processing system in accordance with the present invention; and .

Fig. 11 is a circuit diagram illustrating a transconductor of a signal
processing system in accordance with the present invention. '

Throughout the figures, unless otherwise stated, the same reference
numerals and characters are used to denote} like features, e]eménts; components, or
portions of the illustrated embodiments. Moreover, while the subject invention will
now be described in detail with reference to the figures, and in connection with the
illustrative embodiments, various changes and modifications to the described
embodiments will be apparent to those skilled in the art without departing from the

true scope and spirit of the subject invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illuétrates an example of a prior art signal processing system
10. The signal processing system 10 is a companding filter. A companding filter
amplifies or attenuates an input signal that is applied to a filter circuit, and attenuates
or amplifies the output signal from the circuit. The prior art companding filter 10
includes an input 12, a signal strength detector 14, an input variable gain amplifier 16,
a main filter 18, an output variable gain amplifier 20, and an output 22.

The input 12 of the signal processing system 10 is coupled to input 11
of the signal strength detector 14 and an input 30 of a variable gain input amplifier 16.
The variable gain input amplifier 16 amplifies or attenuates the signal received by the
input 30 depending on a gain control input signal received at a gain control input 13
of the variable gain iﬁpm amplifier 16 and provides the resulting signal at its output
15. The output 15 of the variable gain input amplifier 16 is coupled t;:: input 17 of a
main filter 18. The main filter 18 processes the signal received at its input 17 ana

produces a processed output signal at its output 19. The output 19 of the main filter
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18 is coupled to input 21 of a variable gain output amplifier 20. The variable gain
output amplifier 20 amplifies or attenuates the signal received at its input 21
depending on a gain control signal received at a gain control input 23 of the variable
gain output amplifier 20 and provides a resulting signal at its output 24. The gain of
the variable gain output amplifier 20 is the inverse of the gain of the variable gam
input amplifier 16. The output 24 of the variable gain output amplifier 20 is
connected to the output 22 of the signal processing system 10,

The signal strength detector 14 measures the strength (e.g., the voltage

- envelope) of the signal applied to the input 11 of the ‘signal strength detector 14 and

provides a gain control signal at its output 25, which is connected to the gain control
inputs 13 and 23-of the variable gain input amplifier 16 and the variable gain output
amplifier 20, respectively. Depending on the strength of the signal at the input 11 of
the signal strength detector 14, different gain control signals are provided at the output
25 of the signal strength detector 14. If the signal applied to the input 12 of the signal
processing system 10 is small, the strength detector 11 provides a gain control signal
that causes the variable gain input amplifier 16 to have a relatively high gain, thereby
causing the signél applied to the inpuf 12 of the signal processing system 10 to be
amplified before it is applied to the main filter 18, such that the signal is above the
noise floor of the filter 18, i.e., the noise generated by the filter. If the signal applied
to the input 12 of the signal processing system 10, the strength deflector 14 provides a
gain control signal that causes the variable gain input amplifier 16 to have a relatively
low gain, théreby causing the signal applied to the input 12 of the signal processing
syétem 10 to be slightly amplified or even attenuated before it is applied to the main
filter 18 to avoid saturating the main filter 18,

Fig. 2 illustrates an exemplary signal processing system 100 in

‘accordance with the present invention. The signal processing system 100 generates a

processed signal with a strong in channel component well above the filter noise. The
signal processing system 100 includes a system input 102, 2 main filter 106, a
switching unit 130, a éomparator 136, a shift register 144, a strength detector 154, a

gain control unit 172, and a system output 190.
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A signal received by the syétem input 102 of the signal processing
system 100, which typically includes an in-band component and an out-band
component, is applied to an input 104 of the main filter 106. In the present
embodiment, the main filter 106 is a second order filter, which includes two
integrators. (not shown in Fig. 2). Preferably, the main filter 106 has enough linear
range to accommodate the in-band component and the out-band component of the
signal without saturating. Each of the first and second integrators has a variable input

gain stage and a variable output gain stage associated with it (not shown in Fig. 2).

-The main filter 106 processes the signal received at its input 104 as controlled by

respective signals received at inputs 108, 110, 112, 114 and 116. These signals
control the gain of the variable input gain stage and the variable output gain stage for
each of the first and second integrators. The gain of the variable input gain stage and
variable output gain stages associated with the first integrator should only be changed
when the output of the first integrator is at or near zero. By changing the gain of the
variable input gain stage and the variable output gain stage associated with the first
integrator when the outplit of the first integrator is at or near zero, little or no
transients are created in the signél produced at the oﬁtput of the first integratqr.
Likewise, the gain of the variable input gain stage and the variable output gain stage
associated with the second integrator should only be changed when the output of the
second integrator is at or near zero. The main filter 106 produbés a processed signal - '
at each of its outputs 118, 120 and 122. The signal produced at the output 118 of the
main filter 106 is the output of the first integrafor of the main filter 106. The output
118 ‘of the main filter 106 is connected to an input 124 of the switching unit 130, and
an input 152 of the strength detector 154. The signal produced at the output 120 of
the main filter 106 is the output of the second integrator of the main filter 106. The
output 120 of the main filter 106 is conhected to another input 126 of the switching
unit 130. The signal produced at the output 122 of the main filter 106 is the output of
the variable gain output stage associated with the first integrator of the main filter
106. The output 122 of the main. filter 106 is connected to the 'system output 190 of
the signal processing system 100. The structure and operation of the main filter 106 is

described in greater detail hereinbelow with reference to Fig. 3.
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. The switching unit 130 applies one of the signals received at its inputs

'124, 126 to its output 132 in response to a signal received at an input 128. Ifa logical

one voltage level (i.e., 5 V) is received at the input 128, the switching unit 130
connects the input 124 and the output 132, and disconnects the input 120 from the
outi)ut 132. If a logical zero voltage level (i.‘e., ground potential) is received at the
input 128, the switching unit 130 connects the input 126 to the output 132 and
disconnects the input 124 from the output 132. The output 132 is connected to an
input 134 of the comparator 136. '

The comparator 136 compares a signal received at the input 134

. against a reference voltage. If the voltage of the signal received at the input 134 is

approximately equal to the reference voltage, the comparator 136 produces a signal
equal to a logical one voltage level at an output 138 of the comparator 136.. If the |
voltage of the signal received at the input 134 is not approximately equal to the
reference voltage, the comparator 136 produces a signal equal to a logical zero
voltage level at the output 138 of the comparator 136. The output 138 of the
comparétor 136 is connected to a clock input 140 of the shift register 144. In the
present embodiment, the reference voltage may be zero.

The‘shiﬁ register 144 determines which of the outputs of the
integrators of the main filter 106 the comparator 136 should measure against the
reference voltage. A reset/enable input 142 of the shiﬁ register 144 is connected to an
output 176 of the gain control unit 172. Outputs l146, 148, 150 of the shift register
144 are connected to inputs 166, 168, 170, respectively, of the gain contro] unit 172.
If a logical one voltage level is received at the reset/enable inpuf 142, the shift register
144 provides a logical one voltage level signal at the output 146, a logical zero
voltage level signal at the output 148 and a logical zero voltage level signal at the
output 150. If a logical zero voltage level signal is received at the reset/enable iixput
142 and a positive edge (i.e., a logical zero voltage level changing to a logical one
voltage level) is received at the input 140, the shift register 144 produces a logical
zero voltage level signal on the output 146, produces a signal on the output 148 equal
to the signal formerly on the output 146, and produces a signal on the outi)ut 150
equal to a logical OR of the signal formerly on the output 148 and the signal formerly
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on the output 150. The structure and operation of the shift register will be described
in greater detail hereinbelow with reference to Fig. 5.

The signal sfrength detector 154 selects an amplification factor that is
the most suitable for processing the signal received by the system input 102 of the
signal processing system 100. The input 152 of the signal strength detector 154 is
connected to the output 118 of the. main filter 106, and outputs 156 and 158 of the

. signal strength detector 154 are connected to inputs 160 and 162, respectively, of the

gain control unit 164. The signal strength detector 154 detects the voltage envelope
of a signal received at the input 152 of the signal strength detector 154. A '
combination of a rectifier and a low-pass filter, well-known for use in many other
applications, is one example of a circuit which can be used as an eénvelope detector of
the signal strength detector 154. The signal strength detector 154 determines if the
voltage envelope of the signal provided by the output 118 of the main filter 106 is
below a first threshold whereby the signal to noise ratio of the output signal of the
main filter 106 is approaching a minimum tolerable value with the main filter 106
having the present 'ampﬁﬁcé,ﬁon factors, or exceeds a second threshold whereby the
main filter 106 is entering saturation with the present amplification factors.

If the signal strength detector 154 detects that the voltage envelope of
the signal received at its input 152 is not below the first threshold or does not exceed
the second threshold, the signal strength detector 154 produces a signal equal to a
logical zero voltage level on the output 156, and a signal equal to a logical zero
voltage level on the output 158. For purposes of the specification and claims, positive
logic is assumed. If the signal strength detector 154 detects that the voltage envelope
of the signal received at its input 152 falls below the first threshold and does not
exceed the second threshold, the signal strength detector 154 produces a logical dne
voltage level signal on its output 158, and a logical zero voltage level signal on its
output 156. If the signal strength detector 154 detects that the voltage envelope of the
signal received at its input 152 exceeds the first threshold and exceeds the second
threshold, the signal strength detector produces a logical zero voltage level signal on
its output 158, and a logical one voltage level signal on its output 156,
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Thé gain control unit 172, responsive to signals received at its inputs
160, 162, 166, 168, 170, provides signals at its output 176 to control the preset/enable
input 142 of the shift register 144, and provides signals at its outputs 178, 180, 182,
184, 186 to control the respective amplification factors of the variable gain input stage
associated with the first integrator, the variabl_e gain output stage associated with the
first integrator, the variable gain input stage associated with the second integrator, and
the variable gain output stage associated with the second integrator. The outputs 178,
180, 182, 184, 186 of the gain control unit 172 are connected to the inputs 108, 110,
112, 114, 116, respectively, of the main filter 106. The output 176 of the gain control
unit 172 is connected to the preset/enable input 142 of the shift regisfer 144,

The gain control unit 172 provides signals to the main filter 106 and
the shift register 144 that allow the amplification factors of the amplifiers within the
main filter 106 to vary without causing transients to appear on signals at the system
output 190 of the signal processing system 100. The gain control unit 172 begins the
process of changing the aﬁpliﬁcation factors of the amplifiérs of the main filter 106
by providing the preset/énable input 142 of the shift register 144 with a logical one
voltage level signal to enable the shift register, which in turn provides a logical one
voltége level signal to the input 128 of the switching unit 130. Once the comparator
136 senses that the signal received at the input 124 is equal to the reference voltage,
the shift register 144 shifts the signals at its outputs 146, 148, 150, and causes a
logical zero voltage level signal to be provided to the input 128 of the switching unit.
This causes the gain control unit 172 to provide the main filter 106 with appropriate
signals on its inputs 108, 110, 112, 114 to change the amplification factors of the
variable gain input stage and the variable gain output stage associated with the first
integrator, and the variable gain input stage associated with the second integrator of

main filter 106 to the desired values. The amplification factor of the variable gain

input stage associated with the second integrator must be changed at this point to

compensate for the amplification factor change of the variable gain input stage
associated with the first integrator. Then, once the comparator 136 senses that the
signal received at the input 124 is equal to the reference voltage again, the shift
register 144 shifts the signals at its outputs 146, 148, 150, causing the gain control
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unit 172 to provide the main filter 106 with the appropriate signals on its inputs.4112,
114, 116 to change the amplification factors of the variable gain input stage and the
variable gain output stage associated with the second integrator.

Fig. 3 illustrates the main filter 106 as shown in Fig. 2. The main filter
106 is a second order filter, and includes two integrators, a first integrator and a
second integrator. Each of the integrators is associated with a respective variable gain

input stage and a respective variable gain output stage. The variable gain input stage

associated with the first integrator consists of resistors 216, 210, 204, 252, switches

232,224,a capaéitor 246, and an operational amplifier 240. The first integrator
consists of the operational amplifier 240, the capacitor 246 and the resistor 252. The
variable gain output stage associated with the first integrator consists of an operational
amplifier 376, resistors 360, 384, 390, 205, and switches 213, 398. The variable gain
input stage associated with the second integrator consists of resistors 258, 264, 278,
switches 272, 286, a capacitor 334, and an operational amplifier 328. The second
integrator consists of the operational ampliﬁer 328, and the capacitor 334. The
variable gain output amplification stage associated with the second integrator includes
resistors 252,292, 298, 312, 340, 354, switches 306, 320, operational amplifiers 240,
348, and the capacitor 246. A signal received at the input 104 is applied to a terminal
202 of the resistor 204, a terminal 208 of the resistor 210, and a terminal 214 of the
resistor 216; a signal received at the input 108 is applied to a switch control terminal
230 of the switch 232, and a switch control terminal 211 of the switch 213; a signal
received at the input 110 is applied to a switch control terminal 222 of the switch‘224
and switch control terminal 396 of switch 398; a signal received at the input 112 is
applied to a switch control terminal 284 of the switch 286; a signal received at the
input 114 is applied to a switch control terminal 304 of the switch 306, and a switch
control terminal 270 of the switch 272; and a signal received at the input 116 is
applied to a switch control terminal 318 of the switch 320. Switches 222, 232, 213,
398, 320 and 306 may each be implemented as a CMOS transmission gate, in which
an NMOS transistor and a PMOS transistor are connected in parallel with each other,
the gate of the PMOS transistor is connected to the output of an inverter, the input of
the inverter and the gate of the NMOS transistor are connected to each other and serve
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as the switch control terminal, and the source and drain of each transistor serve as the -
switch terminals. When a CMOS transmission gate is closed, the NMOS transistor
and the PMOS transistor are active, such that a signal received on one terminal of the
CMOS transmission gate is conveyed to the other terminal of the CMOS transmission
gate. When a CMOS transmission gate is open, the NMOS transistor and the PMOS
transistor are not active, such that a signal received on one terminal of the CMOS
transmission gate is not conveyed to the other terminal of the CMOS transmission
gate.

The variable gain input stage associated with the first integrator may
amplify the signal received at the input 104 by one of three é.mpliﬁcation factors and
produce an output signal at a node 217. If the signals received at the inputs 108 and
110 are a logical zero voltage level (i.e., ground potential) and a logical zero voltage
level, respectively, the variable gain input stage amplifies the signal received at the.
input 104 by a relatively low amplification factor. In the present embodiment, the
relatively low amplification factor may be one-tenth. If the signals received at the

inputs 108 and 110 are a logical zero voltage level and a logical one voltage level

- (i.e., 5V), respectively, the variable gain input stage amplifies the signal received at

the input 104 by a relatively moderate amplification factor. In the present
embodiment, the relatively moderate amplification factor is one. If the signals
received at the inputs 108 and 110 are a logical one voltage level and a logical zero
voltage level, respectively, the variable gain input stage amplifies the signalA received
at the input 104 by a relatively high amplification factor. In the present embodiment,
the relatively high amplification factor is ten. In the present embodiment, the signals
received at the inputs 108 and 110 should never both be a logical one voltage level.

The other terminal 206 of the resistor 204 is coupled to a terminal 226
of the switch 224, a terminal 234 of the switch 232, an inverted input 236 of the
operational amplifier 240, a terminal 244 of the capacitor 246, a terminal 250 of the
resistor 252, a terminal 290 of the resistor 292, a terminal 296 of the resistor 298 and
a terminal 310 of the resistor 312, all of which form a node 217. In the present
embodiment, the resistor 204 has a resistance of 200 kQ.

12
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The other terminal 212 of the resistor 210 is connected to a terminal
220 of the switch 224. In the present embodiment, the resistor 210 has a resistance of
22.22kQ. The terminal 226 of the switch 224 is connected to the node 217. The
switch 224 closes to connect its terminal 220 to its other terminal 226 if the signal
received at the switch control terminal 222 is a logical one voltage level. If the signal
at the switch control terminal 222 is at a logical zero voltage level, the switch 224
opens to disconnect its other terminal 220 from its terminal 226 resulting in an open
circuit between those terminals. ,

* The other terminal 218 of the resistor 216 is connected to a terminal
228 of the switch 232. In the present embodiment, the resistor 216 has a resistance of
2.02 kQ. The terminal 234 of the switch 232 is connected to the node 217. The
switch 232 closes to connect its terminal 228 to its other terminal 234 if the signal
received at its switch control terminal 230 is a logical one voltage level. If the signal
at the switch control terminal 230 is-a logical zero voltage level, the switch 232 opens
to disconnect its terminal 228 from its other terminal 234 resulting in an open circuit
between those terminals. _ '

The first integrator filters the signal received at the node 217 and
produces a signél at anode 219, which is fonﬁed by the common connection of the
other terminal 254 of the resistor 252, an output 242 of the operational amplifier 240,
the other terminal 248 of the capacitor 246, the terminal 256 of the resistor 258, the
terminal 262 of the resistor 264, the terminal 276 of the resistor 278, the terminal 358
of the resistor 360 and the output 118. The other terminal 254 of the resistor 252 is
connected to the node 219. In the present'embodiment, the resistor 254 has a
resistance of 20 kQ. The other terminal 248 of the capacitor 246 is connected to the
node 219. In the present embodiment, the capacitor 246 has a capacitance of 80 pF.
In the present embodiment, the operational amplifier 240 is a model LF347
operational amplifier available from National Semiconductor Corporation of Santa
Clara, California. ‘

‘ The variable gain output stage associated with the first integrator may
amplify the signal received at the node 219 by one of three factors and produce an
amplified signal at the output 122. If the signals received at the inputs 108 and 110
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are a logical zero voltage level and a logical zero voltage level, respectively, the
variable gain output stage ampliﬁeé the signal received at the node 219 by a relatively
high amplification factbr. In the present embodiment, the relatively high
amplification factor may be ten. If the signals received at the inputs 108 and 110 are a
logical zero voltage level and a logical one voltage level, respectively, the variable
gain output stage amplifies the signal received at the node 219 by a relatively
moderate amplification factor. In the present embodiment, the relatively moderate
amplification factor is one. If the signals received at the inputs 108 and 110 are a
logical one and a logical zero voltage level, respectively, the variable output gain
stage amplifies the signal received at the node 219 by a relatively low amplification
factor. In the present ernbbdjment, the relatively low amplification factor is one-
tenth. In the present embddiment, the signals received at the inputs 108 and 110
should never both be a logical one voltage level.

The other terminal 370 of the resistor 360 is connected to an inverted
input 374 of the operational amplifier 376, a terminal 382 of the resistor 384, a
terminal 388 of the resistor 390, and a terminal 203 of the resistor 205. The common
connection of the other terminal 370 of the resistor 360, the inverted input 374 of the
operational amplifier 376, the terminal 382 of the resistor 384, the terminal 388 of the
resistor 390, and the terminal 203 of the resistor 205 form a node 225. In the present
embodiment, the resistor 360 has a; resistance of 20 k. In the present embodiment,
the operational ampliﬁexl 376 is a model LF347 operational amplifier available from
Natioﬁal Semiconductor Corporation of Santa Clara, California. The other terminal
386 of the resistor 384 is connected to the output 122 of the main filter 106. In the
present embodiment, the resistor 384 has a resistance of 200 kQ.

The other terminal 392 of the resistor 390 is connected to a terminal
394 of the switch 398. In the present embodiment, the resistor 390 has a resistance of
22.22kQ. The other terminal 201 of the switch 398 is connected to the output 122 of
the main filter 106. The Mtch 398 closes to connect its terminal 394 to its other
terminal 201 if the signal received at the switch control terminal 396 is a logical one
voltage level. If the signal at the switch control terminal 396 is a logical zero voltage
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level, the switch 398 opens to disconnept its terminal 394 from its other terminal 201
resulting in an open circuit between those terminals. 4

The other terminal 207 of the resistor 205 is connected to a terminal
209 of the switch 213. In the present embodiment, the resistor 205 has a resistance of
2.02 kQ. The other terminal 215 of the switch 213 is connected to the output 122 of
the main filter 106. The switch 213 closes to connect its terminal 209 to its other
terminal 215 if the signal received at the switch control terminal 211 is a logical one
voltage level. If the signal at the switch control terminal 211 is a logical zero voltage
level, the switch 213 opens to disconnect its terminal 209 from its other terminal 215
resulting in an open circuit between those terminals.

The variable gain input stage associated with the second integrator may

amplify the signal received at the node 219 by one of three factors and produce an

. output signal at a node 221, at which the other terminal 288 of the switch 286, the

other terminal 274 of thé switch 272, the other terminal 260 of resistor 258, one
terminal 332 of the capacitor 334 and the inverting impact of the operational amplifier
328 are commonly connected. If the signals received at the inputs 112 and 114 are a
logical zero voltage level and a logical zero voltage level, respectively, the variable
gain input stage amplifies the signal received at the node 221 by a relatively low
amplification factor. In the present embodiment, the relatively low factor is one-
tenth. Ifthe signals received at the inputs 112 and 114 are a logical zero voltage level
and a logical one voltage level, respectively, the variable gain input stage amplifies
the signal received at the node 221 by a relatively moderate amplification factor. In
the present embodiment, the relatively moderate amplification factor is one. If the
signals received at the inputs 112 and 114 are a logical one voltage level and a logical
zero voltage level, respectively, the variable gain input stage amplifies the signal
received at the node 221 by a relatively high amplification factor. In the present
embodiment, the relatively high amplification factor is ten. In the present
embodiment, the signals received at the inputs 112 and 114 should never both be a
logical one voltage level. The other terminal 260 of the resistor 258 is connected to

node 221. In the present embodiment, the resistor 258 has a resistance of 10 k<.
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The other terminal 266 of the resistor 264 is connected to one terminal
268 of the switch 272. In the present embodiment, the resistor 264 has a resistance of
1.11kQ. The other terminal 274 of the switch 272 is connected to the node 221. The
switch 272 closes to connect its terminal 268 to its other terminal 274 if the signal
received at the switch control terminal 270 is a logical one voltage level. If the signal
at the switch control terminal 270 is a logical zero voltage level, the switch 272 opens
to disconnect its terminal 268 from its other terminal 274 resulting in an open circuit
between those terminals. ,

The other terminal 280 of the resistor 278 is connected to one terminal
282 of the switch 286. In the present embodiment, the resistor 278 has a resistance of
0.10 kQ. The other terminal 288 of the switch 286 is connected to the node 221. The

_switch 286 closes to connect its terminal 282 to its other terminal 288 if the signal

received at the switch control terminal 284 is a logical one voltage level. If the signal

at the switch control terminal 284 is a logical zero voltage level, the switch 286 opens

. to disconnect its terminal 282 from its other terminal 288 resulting in an open circuit

between those terminals.

The second integrator filters the signal received at the node 221 and

" produces a filtered signal at the output 120 of the main ﬁltef 106. The other terminal

336 of the capacitor 334 is connected to the output 120. In the present embodiment,
the capacitor 334 has a capacitance of 80 pF.

The output 330 of the operational amplifier 328 is connected to the
outpﬁt 120 of the main filter 106. In the present embodiment, the operationél
amplifier 328 may be implemented using a model LF347 operational amplifier
available from National Semiconductor Corporation of Santa Clara, California.

The variable gain output étage associated with the second integrator
may amplify the signal received at-terminal 338 of the resistor 340 by one of three
factors and produce an amplified signal at the node 217. If the signals received at the
inputs 116 and 114 are a log_icai zero voltage level and a logical zero voltage level,

respectively, the variable gain output stage amplifies the signal received at terminal

338 of the resistor 340 by a relatively low amplification factor. In the present

embodiment, the relatively low amplification factor is one-tenth. If the signals
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received at'the inputs 116 and 114 are a logical zero voltage level and a logical one

voltage level, respectively, the variable gain output stage amplifies the signal received
at terminal 338 of the resistor 340 by a relatively moderate amplification factor. In
the present embodiment, the relatively moderate é.mpliﬁcaﬁon factor is one. Ifthe -
signals received at the inputs 116 and 114 are a logical one volfage level and a logical
zero voltage level, respectively, the variable gain output stage amplifies the signal
received at terminal 338 of the resistor 340 by a relatively high amplification factor.
In the present embodiment, the relatively high amplification factor is ten. In the
presernt embodiment, the signals received at the inputs 116 and 114 should never both
be a logical one voltage level. _ | .
The terminal 338 of the resistor 340 is coupled to the output 120. The

other terminal 342 of the resistor 340 corresponds with an inverted input 344 of the

operational amplifier 348 and the other terminal 352 of the resistor 354. In the

-present embodiment, the resistor 340 has a resistance of 10 kQ.

" The terminal 356 of the resistor 354 is connected to the node 223, at
which the terminal 356 of resistor 354, the output 350 of the operational amplifier
348, the other terminal 394 of the resistor 292, the other terminal 308 of the switch
306 and the oth;:r terminal 322 of the switch 320 are cominonly connected. In the

" present embodiment, the resistor 354 has a resistance of 10 kQ.

The output 350 of the operational amplifier 348 is connected to the
node 223. In the present embodiment, the operational amplifier 348 is implemented
using the model LF347 operational amplifier available from National Semiconductor
Corporation of Santa Clara, California. In the present embodiment, the resistor 292
has a resistance of 10 kQ. »

The other terminal 300 of the resistor 298 is connected to terminal 302
of the switch 306. In the present embodiment, the resistor 298 has a resistance of 1.11
kQ. The other terminal 308 of the switch 306 is connected to the node 223. The

switch 306 closes to connect its terminal 302 to its other terminal 308 if the signal

received at the switch control terminal 304 is a logical one voltage level. If the signal

at the switch control terminal 304 is a logical zero voltage level, the switch 306 opens
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to disconniect its terminal 302 from its other terminal 308 resulting in an op'én circuit
between those terminals.

The other terminal 314 of the resistor 312 is connected to a terminal
316 of the switch 320. In the present embodiment, the resistor 312 has a resistance of
0.10kQ. The other terminal 322 of the switch 320 is connected to the node 223. The

 switch 320 closes to connect its terminal 316 to its other terminal 322 if the signal

received at the switch control terminal 318 is a logical one voltage level. If the signal
at the switch control terminal 318 is a logical zero voltage level, the switch 320 opens
to disconnect its terminal 316 from its other terminal 322 resulting in an open circuit
between those terminals.

Fig. 4 illustrates an exemplary embodiment of the switching unit 130
as shown in Fig. 2. The switching uﬁt 130 includes an input 124, an input 126, an
input 128, a first svﬁtch 406, a second switch 416 and an output 132. The switching

© unit 130 provides one of the signals received at the inputs 124, 126 to the output 132

in response to a signal received at the input 128.

A signal received at the input 124 is applied to one terminal 402 of the
first switch 406; a signal received at the input 126 is applied to one terminal 412 of
the second switch 416; and a signal received at the input 128 s applied to a swifch
control terminal 404 of the first switch 406 and an inverting switch control terminal
414 of the second switch 416. The first switch 406 closes to connect its terminal 402

. to its other terminal 408 if the signal received at the switch control terminal 404 is a

logical one voltage level (i.e., 5 V). If the signal at the switch control terminal 404 is
a logical zero voltage level (i.e., ground potential), the first switch 406 opens to

disconnect its terminal 402 from its other terminal 408 resulting in an open circuit

 between those terminals. The other terminal 408 of the first switch 406 is connected

to the output 132 of the switching unit 130.

The second switch 416 closes to connect its terminal 412 to its other
terminal 418 if the signal réceived at the inverting switch control terminal 414 is a
logical one voltage level. If the signal at the inverting switch control terminal 414 is a
logical zero voltage level, the second switch 416 opens to disconnect its terminal 412

from its other terminal 418 resulting in an open circuit between those terminals. The
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other terminal 418 of the first switch 416 is connected to the output 132 of the
switching unit 130.

' Fig. 10 illustrates the comparator 136. The comparator 136 includes
an input 134, an output 138, a comparator circuit 1006, and a referénce voltage 1003.
The comparator circuit 1006 has an input 1002, an input 1004, and an output 1008. In
the present embodiment, the comparator 136 may be implemented using a model
LM219 comparator available from National Semiconductor Corporation of Santa
Clara, California. The input 1002 is cdnnected to the input 134, the input 1004 is
connected to the reference voltage 1003, and the output 1008 is connected to the
output 138. In the present embodiment, the reference voltage 1003 is ground. The
comparator circuit 1006 measures a signal received at the input 1002 against the
reference voltage 1003 received at the input 1004. If the voltage of the signal
received at the input 1002 is approximately equal to the reference voltage 1003
received at the input 1004, the comparator circuit 1006 produces a logical one voltage
level signal at the output 1008. If the voltage of the signal received at the input 1002 '
is not approximately equal to the reference voltage 1003, the comparator circuit 1006
produces a logical zero voltage level signal at the output 1008. The output 133 of the
comparator 136 is connected to the clock input 140 of the shift register 144.

Fig. 5 illustrates an exemplary embodiment of the shift register 144 as

shown in Fig. 2. The shift register 144 includes an clock input 140, an input 142, 2
first positive edge triggered D-type- flip flop 508, a second positive edge tri égered D-
typé flip flop 518, a third positi{/e edge triggered D-type flip flop 528, a two input OR
gate 532, an output 146, an output 148 and an output 150. The shift register 144
indicates which of the first and second integrators have reached the reference voltage.
A signal received at the clock input 140 is applied to a clock input 506 of the first
positive edge tﬁggered D-type flip flop 508, a clock input 516 of the second positive
edge triggered D-type flip flop 518, and a clock input 526 of the third positive edge
triggered D-type flip flop 528; and a signal received at the input 142 is applied to a
preset/enable input 504 of the first positive edge triggered D-type flip flop 508, a

. reset/enable input 514 of the second positive edge triggered D-type flip flop 518, and

a reset/enable input 524 of the third positive edge triggered D-type flip flop 528.
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The first positive edge triggered D-type flip flop 508 produces a
logical zero voltage level signal (i.e., ground potential) on its data output 510 ifa

signal received at the preset/enable input 504 is equal to a logical one voltage level

(i.e., 5 V). If the signal received at the preset/enable input 504 is equal to a logical
. zero voltage level, the first positive edge triggered D-type flip flop 508 causes a signal

received at its data input 502, which is connected to ground, to be provided at its data
output 510 each time a positive transition of a signal from a logical zero voltage level
to a logical one voltage level is received by its clock input 506. The output 510 is
connected to the data input 512 of the second positive edge triggered D-type flip flop
518, and the output 146.

The second positive edge triggered D-type flip flop 518 produces a
logical zero voltage level signal on its data output 520 if a signal receivéd at the
reset/enable inpﬁt 514 is equal to a logical one voltage level. If the signal received at
the reset/enable input 514 is equal to a logical zero voltage level, the second positive
edge triggered D-type flip flop 518 causes a signal receivéd at its data input 512 to be
provided at its data output 520 at each time a positive transition of a sigpnal from a
logical zero voltage level to a logical one voltage level is received by its clock input
516. The data input 512 of the second positive edge triggered D-type flip-flop 518 is
connected to the data output 510 of the first positive edge triggered D-type flip flop
508 and the output 146 of the shift register 144. The data output 520 is connected to
one input of the two input OR gate 532 and the output 148 of the shift register 144.

The third positive edge triggered D-type flip flop 528 produces a
logical zero voltage level signal on its data output 530 if a signal received at its
reset/enable input 524 is equal to a logical one voltage level. If the signal received at
the reset/enable input 524 is equal to a logical zero voltage level, the third positive
edge triggered D-type flip flop 528 causes a signal received at its data input 522 to be
provided at its data output 530 each time a positive transition of a signal from a
logical zero volfage level to a logical one voltage level is received by its clock input
526. The data input 522 of the third positive edge triggered D-type flip-flop 528 is
connected to the output of the two input OR gate 532. The data output 530 of the

“third positive edge triggered D-type flip-flop 528 is connected to the other input of the
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two input OR gate 532 and the output 150 of the shift register 144 provide more
explanation of how the shift register determines which of the outputs of the -
integrators of the main filter 106 the comparator should measure against the reference
volltgge.

Referring to Fig, 6, there is shown an exemplary embodiment of the
strength detector 154 as shown in Fig. 2. The strength detector 160 includes an input
152, a peak detector 604, a first threshold detector 610, a second threshold detector .
616, a first inverter gate 622, a second inverter gate 628, a third inverter gate 634, a
first output 156, and a second.output 158. The peak detector 604 and the first
threshold detector 610 are described in more detail below with reference to Fig. 7 and
Fig. 8, respéctivel&. The strength detector 154 senses the voltage envelope of the
signal received at the input 152, and decides whether it would be appropriate to
change amplification factors of the variable gain stages of the main filter 106. The
saturation threshold represents the strength of the input signal received by the main
filter 106 at which the main filter 106 approaches saturation given the present
amplification factors of the main filter 106. The noise floor threshold represents the
strength of the input signal received by the main filter 106 at which the output signal
of the main filter 106 has a minimum acceptable signal-to-noise ratio given the
present 'ampliﬁcaﬁon factors of the main filter 106.

A signal received at the input 152 of the strength detector 154 is
applied to an input 602 of the peak detector 604. The peak detector 604 receives an
input voltage signal at its input 602 and provides a current signal representative of the
peak of the voltage envelope of the input signal at its output 606. The output 606 of
the peak detector 604 is coupled to an input 608 of the first threshold detector 610 and
an input 614 of the second threshold detector 616. The first threshold detector 610
provides a logical one voltage level on its output 612 if the signal at its input 608 has
a voltage envelope peak greater than the saturation threshold, and provides a logical
zero voltage level on its output 612 if the signal at the input 608 has a voltage
envelope peak less than the saturation threshold limit. The output 612 of the first
threshold detector 610 is coupled to an input 620 of the first inverter gate 622. The
second threshold detector 616 provides a logical one voltage level on its output 618 if '
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the signal at its input 614 has a voltage envelope peak greater than the noise floor
threshold, and provides a logical zero voltage level on its output 618 if the signal at its
input 614 has a voltage envelope peak less than the noise floor threshold. The output
618 of the second threshold detector 616 is coupled to the input 632 of the third
inverter gate 634.

The invérter gate 622 inverts the signal received at its input 620 and

" provides the inverted signal at its output 624. The output 624 is connected to the
" input 626 of the second inverter gate 628. The second inverter gate 628 inverts the

signal received at its input 626 and provides the inverted signal at the output 630. The
output 630 is couple to the first output 156 of the strength detector 154. The third
inverter gate 634 inverts the signal received at its input 632 and provides the inverted
signal at its output 636. The output 636 is connected to the second output 158 of the
strength detector 154. -

Fig. 7 illustrates an exemplary embodiment of the peak detector 604 of
the strength detector 154 of Fig. 6. The peak detector 604 includes an NMOS
transistor Q;, a PMOS transistor Qs, an NMOS transistor Q4, 2 PMOS transistor Qs, a
PMOS transistor Qg, a dapacitor 750, a resistor 758, and a transconductor 742, -

A signal receiAved by the input 602 of the peak detector 604 is applied
to a positive input 744 of the transconductor 742. The transconductor 742 provides at
its output 748 a signal which is eqﬁal to the difference in the signal received by its
positive input 744 and the signal received by the negative input 746, which is
conneéted to ground, scaled by a transconductance G;, of the transconductor 742. In
the present embodiment the transconductor 742 has a transconductance Gj, of 1
microampere per volt. The current signal provided at the output 748 of the
transconductor 742 is applied to the gate 710 of the PMOS transistor Qs and the gate '
724 of the NMOS transistor Q4, which are connected to form an inverter, the gate 726
and the drain 732 of the diode connected PMOS transistor Qs, the drain 736 and the
backgate 738 of the PMOS transistor Qg, and the drain 702 of the NMOS transistor
Qi. The inverter formed by the PMOS transistor Q; and the NMOS transistor Qg are
connected between supply voltages Vpp and Vgg, and the commonly connected drains

of PMOS transistor Q; and NMOS transistor Q4 are connected to the source 728 of
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the diode connected PMOS transistor Qs and the gate 734 of PMOS transistor Q.
The back gates 714 and 720 of the PMOS transistor Q3 and the NMOS transistor Q,
are connected to supply vol‘tages.VDD and Vs, respectively. The commonly
connected gate 726 and drain 732 of the diode connected PMOS transistor Qs are
connected to the drain 736 and backgate 738 of PMOS transistor QG. The back gate
730 of diode connected PMOS transistor is connected to supply voltage Vpp. The
source 740 of the PMOS transistor Qs is connected to the gate 748 of NMOS

transistor Q;, one terminal of capacitor 750, one terminal 756 of the resistor 758 and

_ the output terminal 606 of the peak detector 606. The other terminal 754 of the

capacitor 750 and the other terminal 1060 of the resistor 758 are connected to supply
voltage Vss. The drain 702 of NMOS transistor Q, is connected to the output 748 of

* the transconductor 742, the drain 736 and the backgate 738 of PMOS transistor Q,

the commonly connected gate 726 and drain 732 of the diode connected PMOS v
transistor Qs, and the commonly connected gates 710 and 724 of the PMOS transistor
Qs and the NMOS transistor Q4 forming the inverter. The source 706 of the NMOS

" transistor Q; is connected to supply voltage Vss.

The NMOS transistor Q, of the peak detector 604 forms half of a
NMOS current mirror. The other half of the current mirror consists of an NMOS
transistor Q; of the threshold detector 610 (shown in Fig. 8). Thus, when the output
606 of the peak detector 604 is connected to the input 608 of the threshold detector
610, a complete NMOS current mirror is formed which acts s a current memory
storing the peak current, i.e., the current that represents the voltage envelope peak of
input signal of the main filter. The CMOS inverter formed by PMOS transistor Q;

"and NMOS transistor Qs acts as a current comparator which compares the current

provided by the output 748 of the transconductor 742 with the drain current of NMOS
transistor Q.

‘When the drain current of NMOS transistor Q is larger that the current
provided by the output 748 of the transconductor 742, the commonly connected gates
710 and 724 of the PMOS transistor Qs and the NMOS transistor Q4 forming the
inverter are at a logical zero voltage level (i.e., Vss) and the commonly connected

drains 716 and 718 of those transistors are at a logical one voltage level (i.e., V).

23

IPR2024-00816
Apple EX1002 Page 119

IPR2023-00818
Theta EX2019



A WO 02/056558 ‘. PCTIU502/04668

10

15

20

25

30

Because the gate 734 of PMOS transistor Qs is comnected to the commonly connected
drains 716 and 718 of the inverter transistors Q3 and Qy, it is also at the logical one
voltage level, and the PMOS transistor Qs is turned off. If the current provided by the
output 748 of the transconductor 742 becomes larger thah the drain current of NMOS
transistor Q), the commonly connected gates 710 and 724 of PMOS transistor Qs and
NMOS transistor Q4 switches to a logical one voltage level, and the commonly
connected drains .716- and 718 of those transistors switches to a logical zero voltage
level; this causes the gate 734 of the PMOS transistor Qg to go to the logical zero

voltage level and the PMOS transistor Qg to turn on. In this manner, PMOS transistor

Qs connects the gates 708 and 802 (shown in Fig. 8) of NMOS transistors Q; and Q,,
terminal 752 of capacitor 750 and terminal 756 of the resistor 758 to the output 748 of
the transconductor 742, and the current mirror follows the current provided by the
output 748 of transconductor 742. When the current provided by the output 748 of
the transconductor 742 starts to fall below the new peak current, the commonly

-connected gates 710 and 724 of PMOS transistor Q; and NMOS transistor Q4 switch

back to the logical zero voltagé level and the commonly connected drains of those
transistors to switch back to a logical one voltage level. This causes the PMOS
transistor Qg to turn off leaving the gates 708 and 802 (shown in Fig. 8) of NMOS
transistors at the voltage on the terminal 752 of the capacitor 750, thus allowing the

NMOS current mirror to hold the new peak current, though the new peak current

. degrades as the capacitor 750 discharges through the resistor 758. Thereafter, the

diode connected PMOS transistor Qs starts to supply the difference between the
current provided by the output 748 of the transconductor 742 and the drain current of
the NMOS transistor Q; to the node formed by the output 748 of the transconductor
743, the drain of NMOS transistor Q; and the commonly connected gates 710 and 724

" of the PMOS transistor Q; and the NMOS transistor Q.

Fig. 8 illustrates an exemplary embodiment of the first threshold
detector 610 of the strength detector 160 of Fig, 6. The first threshold detector 610

. compares the current representing of the voltage envelope peak of a signal received at

the input 602 of the peak detector 604 to a reference current supplied by a current
source 826. The first threshold detector 610 includes an NMOS transistor Q,, a
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PMOS transistor Qa PMOS ’cransiétor Qs, the current source 826 and an output 612
of the first thre.shold detector 610. Any number of threshold detectors can be
connected to the peak detector 604 to derive a corresponding number of signal
strength detector outputs.

As explained above in connection with Fig. 7, the NMOS transistor Q,
of the first threshold detector 610 forms half of an NMOS current mirror that acts as a
current memory which stores the peak current corresponding to the voltage envelope
peak of the signal received at the input 602 of the peak detector 604. The other half
of the NMOS current mirror that acts as a current memory consists of the NMOS
transistor Q; of the peak detector 604, shown in Fig, 7, which has its gate 708
connected (via the output 606 of the peak detector 604) to the input 608 of the first
threshold defector 610. The input 608 is connected to the gate 802 of NMOS

transistor Q; to form a complete NMOS current mirror. The source 808 and the

backgate 806 of the NMOS transistor Q, are connected to supply voltage V. The
drain 804 of the NMOS transistor Q; is connected to the drain 810 of the PMOS
transistor Q.

» The NMOS transistor Q;, the NMOS transistor Qg and the current
source 826 form a current mirror that causes a current to flow through the NMOS
transistor Q that mirrors the current of the current source 826. The gate 814 of the
NMOS transistor Q; is connected to the gate 818 of the NMOS transistor Qs, the drain
820 of the NMOS transistor Qg, and the positive terminal 822 of the current source
826. The source 812 of the NMOS transistor Q; and the source 816 of NMOS
transistor are connected to supply voltage Vpp. The drain 810 of the NMOS transistor
Q7 is connected to the drain 804 of the NMOS transistor Q; and the output 612 of the
threshold detector 610. The negative termina1 824 of the current source 826 is
connected to ground. |

The current source 826 produces a reference current that represents the
threshold voltage of the first threshold detector 610. The reference current can be any
value, for example 100 uA, and the transistors Q;, Qg of the ﬁrét threshold detector
610 are scaled to cause the desired current to flow through the transistor Q;. The

preferred form of a current source is a resistance connected between the drain 820 of
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NMOS transistor Qg and ground. In the present example the reference current
generated by the current source in the first threshold detector 610 is 5.5 mA.

The output 612 of the first threshold detector 610 indicates whether the
respective amplification factors of the main filter 106 should be decreased given the
voltage envelope of the signal received at the input 602 of the peak detector 604. If
the current flowing through the transistor Q,, which represents the voltage envelope
peak of the signal received at the input 602 of the peak detector 604 (shown in Fig. 7),
exceeds the current flowing through the transistor Q;, which is related to the reference
current of the current source 826, the output 612 of the first threshold detector 610
will be at a logical zero vbltage level. Ifthe current flowing through the transistor Qz

* does not exceed the current flowing through the transistor Q7 the output 612 of the

first threshold detector 610 will be at a logical one voltage level. In this manner, the
saturation threshold limit of the signal strength detector 154 is represented by the
amount of current generated by the current source 826.

In an exemplary embodiment the second threshold detector 616 (not
shown in Fig, 8) is similar to the first threshold detector 610 shown in Fig. 8. It has a
counterpart to NMOS transistor Q; of the first threshold detector 610, with the gate of
the counterpart transistor connected to the output 606 of the peak detector 604. The
second threshold detector 616 also has its counterpart to the current mirror, which in
the first threshold detector 610 consists of NMOS transistors Q7 and Qg,.and reference
current source 826. The counterpart to the current source 826 of the second threshold
detector 616 would produce a reference current that represents the noise floor
threshold limit. In the present example, the coﬁnterpartto the current source 826
generates 55 micro-amperes. .

Figs. 9(a) and 9(b) illustrate an exemplary émbodimenf of the gain
control unit 172. The gain control unit 172 provides signals that control the various
variable gain stages of the main filter 106, the switching unit 130, and the shift
register 144. The gain control unit 172 includes AND gates, OR gates, a positive
edge triggered D-type ﬂiﬁ flop 972, a positive edge triggered D-type flip flop 980, a
positive edge triggered D-type flip ﬂop 988, a positive edge triggered D-type flip flop
996, and an N-bit binary counter 911. The gain control unit 172 receives control
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signals at its inputs 160, 162, 166, 168, 170, which are applied to an array of AND
gates, and a clock signal at the input 985, which is applied to clock inputs 970, 978,
986, and 994 of the positive edge triggered D-type flip flops 972, 980, 988, and 996,
respectively, and clock input 909 of the N-bit counter 911.

When the signal received at the system input 102 changes from a ‘

-relatively small signal, needing a relatively large amount of amplification to be

processed effectively (i.e., without saturation of the main filter 106 or having the main
filter 106 provide an output signal having greater than the minimum acceptable signal
to noise ratio), to a relatively medium strength signal, needing a relatively moderate
amount of amplification to be processed effectively, the gain control unit 172 changes
the respective amplification factors of the variable gain stages of the main filter 106
accordingly. If the signal processing system 100 is adapted to process a relatively
small input signal, logical one voltage level signals are be produced on the outputs
178 and 184 of the gain control unit 172, and logical zero voltage level signals are
produced on outputs 176, 180, 182, and 186 of the gain control unit 172. This .
corresponds to the application of logical one voltage level signals on inputs 108 and
114 of the main filter 106 of Flg 3, and the application of logical zero voltage level
signals on inputs 110, 112 aqd 116 of the main filter 106 of Fig. 3. In addition, a
logical zero voltage level signal is applied to input 142 of the shift register 144 of Fig.
5. If these conditions éxist, and the signal received at the input 162 of the gain control
ﬁnit 172 is a logical one voltage level signal, the gain control unit 172 changes the

 respective amplification factors of the variable gain stages of the main filter 106. The

logical one voltage level signal at the input 162 of the gain control unit 172 is
provided by output 158 of the strength detector 154 to indicate that the main filter 160
is approaching saturation. The gain control unit 172 begiﬁs the process of changing
the respective amplification factors of variable gain stages of the main filter 106 by

providing a logical one voltage level signal on the output 176, without changing any

.other output signals. Providing a logical one voltage level signal on the output 176 of

the gain control unit 172 corresponds to applying a logical one voltage level signal to
reset/enable input 142 of the shift register 144, which enables the shift register 144.

Once the gain control unit 172 receives a logical one voltage level si gnal‘ at the input
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168, it produces logical one voltage level signals on the outputs 176, 180, 182, and
produces logical zero voltage level signals 6n the outputs 178, 184, 186. The gain
control unit 172 receives a logical one voltage level signal at its input 168 when the
comparator 136 determines that the output of the first integrator of the main filter 106
(output 118), as provided to the comparator 136 by the switching unit 130,is
approximately equal to zero volts, and the comparator 136 provides a logical zero to
logical one voltage level transition at its output 138 to the clock input 140 of the shift
register 144 causing the shift register 144 to change from the “100” state to the “010”
state. Changing the respective amplification factors of the variable gain stages of the

. main filter 106 while the output of the first integrator is aﬁproximately equal to zero

volts avoids or minimizes the occurrence of transients in the signal produced at the
output of the first integrator caused by the change in the amplification factors.

Accordingly, once it receives a logical one voltage level signal at its input 168, the

gain control unit 172 provides logical one voltage level signals on its outputs 176, 180

and 182 to keep the shift register enabled, and to cause switches 224, 398 and 286
(shown in Fig. 3) to close, and provides logical zero voltage lével signals on its
outputs 178, 184 and 186 to cause switches 232, 213, 272, 320 and 306 to open. In
this manner, the amplification factor of the variable gain input stage associated with
the first integrator is changed from a relatively large value to a relatively moderate
value, andvthe amplification factor of the variable gain output stage associated with
the first integrator .is changed to be the reciprdcal of that of the variable gain input
stage associated with the first integrator. At the same time, the amplification factor of
the variable gain input stage associated with the second integrator is changed from a
relatively moderate value to a relatively large vaJue,. and the anipliﬁcation factor of
the variable gain output stage associated with the second integrator is changed to be
the reciprocal of that of the variable gain input stage associated with the second
integrator. And then once the gain control unit 172 receives a logical one voltage
level signal at the input 170, the gain control unit 172 produces logical one voltage
level signals on the outputs 180, 184, and produces logical zero voltage level signals
on the outputs 176, 178, 182, 186. The gain control unit 172 receives a logical one
voltage level signal at its input 170 when the comparator 136 determines that the
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output of the second integrator of the main filter 106 (output 120), as i)rovided to the
comparator 136 by the switching unit 130, is approximately equal to zero volts, and
the comparator 136 provides a logical zero to logical one voltage level transition at its
output 138 to the clock input 140 of the shift register 144 causing the shift register
144 to change from the “010” state to the “001” state. Changing the respective
amplification factors of the van'able. gain stages of the main filter 106 while the output

of the second integrator is approximately equal to zero volts avoids or minimizes the

occurrence of transients in the signal produced at the output of the second integrator
caused by the change in the amplification factors. Accordingly, once it receives a
logical one voltége level signal at its input 170, the gain control unit 172 provides
logical one voltage level signals on its outputs 180 and 184 to cause switches 224,
398, 272 and 306 (shown in Fig. 3) to close, and provides logical zero voltage level
signals on its outputs 176, 178, 182 and 186 to cause the shift register 144 to reset and
switches 232, 213, 286 and 320 to open. In this manner, the amplification factor of
the variable gain input stage associated with the first integrator remains the same, and
the amplification factor of the variable.gain output stage associated with the first
integrator remains the same. At the same time, the amplification factor of the variable
gain input stage associated with the second integrator is changed from a relatively
large value to a relatively moderate value, and the amplification factor of the variable
gain output stage associated with the second integrator is changed to be the reciprocal
of that of the variable gain input stage associated with the second integrator. Once
this is completed, the gain control unit 172 has completed a desired change of the
respective amplification factors of the variable gain stages of the main filter 106.

When the signal received at the system input 102 changes from-a
relatively medium strength signal, needing a relatively moderate amount of
amplification to be processed effectiv_ely, to a relatively large signal, needing a
relatively small amount of ampliﬁcation to be procéssed efféctively;, the gain control
unit 172 changes the respective amplification factors of the variable gain stages of the
main filter 106 accordingly. If the signal processing system 100 is adapted to process
a relatively medium strength input signal, logical one voltage level signals are ‘

produced on the outputs 180 and 184 of the gain control unit 172, and logical zero
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voltage level signals are produced on outputs 176, 178, 182, and 186 of the gain
control unit 172. This corresponds to the application of logical one voltage level

_ signals on inputs 110 and 114 of the main filter 106 of Fig. 3, and the application of

logical zero voltage level signals on inputs 108, 112 and 116 of the main filter 106 of
Flg 3. In addition, a logical zero voltage level signal is applied to input 142 of the
shift register 144 of Fig. 5. If these conditions exist, and the signal received at the
input 162 of the gain control unit 172 is a logical one voltage level signal, and the
signal received at the input 160 of the gain control unit 172 is a logical zero voltage
level signal, the ga.ih control unit 172 changes the respective amplification factors of
the variable gain stages of the main filter 106. The logical one voltage level signal at
the input 162 of the gain control unit 172 is provided by output 158 of the strength
detector 154 to indicate that the main filter 160 is approaching saturation. The gain
control unit 172 begins the process of changing the respective amplification factors of
the variable gain stages of the main filter 106 by providing a logical one voltage level
signal on the output 176, while all other outputs remain unchanged. Providing a
logical one voltage level signal on the output 176 of the gain control unit 172
corresponds to applying a logical one voltage level signal to reset/enable input 142 of
the shift register 144, which enables the shift register 144. Once the gain control unit
172 receives a logical one voltage level signal at the input 168, the gain control unit
172 produces logical one voltage level signals on the 6utputs 176, 182, and produces
logical zero voltage level signals on the outputs 178, 180, 184, 186. The gain control
unit 172 receives a logical one voltage level signal at its input 168 when the
comparator 136 determines that the output of the first integrator of the main filter 106
(output 118), as provided to the comparator 136 by the switching unit 130, is
approximately equal to zero volts, and the comparator 136 provides a logical zero to
logical one voltage level tra.nsitidn at its output 138 to the clock input 140 of the shift
register 144 causing the shift register 144 to change from the “100” state to the *“010”
state. Changing the respective amplification factors of the variable gain stages of the
main filter 106 while the output of the first integrator is approximately equal to zero
volts avoids or ﬁﬁnimizes the occurrence of transients in the signal produced at the

output of the first integrator caused by the change in the amplification factors.
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Accordingly, once it receives a logical one voltage level signal at its input 168, the
gain control unit 172 provides logical one voltage level signals on its outputs 176 and
182 to keep the shift register enabled, and to cause the switch 286 (shdwn in Fig. 3) to
close, and provides logical zero voltage level signals on its outputs 178, 180, 184 and
186 to cause switches 232, 213, 224, 398, 272, 306 and 320 to open. In this manner,
the amplification factor of the variable gain input stage associated with the first
integrator is changed from a relatively moderate value to a relatively small value, and
the amplification factor of the variable gain output stage associated with the first
intégrator is changed to be the reciprocal of that of the variable gain input stage
associated with the first integrator. At the same time, the amplification factor of the
variable gain input stage associated with the second integrator is changed from a
relatively moderate value to a relatively large value, and the amplification factor of
the variable gain output stage associated with the second integrator is changed to be
the reciprocal of that of the variable gain input stage associated with the second
integrator. And then once the gain control unit 172 receives a logical one voltage
level signal at the input 170, it produces a logical one voltage level signal on the
output 184, and produces logical zero voltage level signals on the outputs 176, 178;
180, 182, 186. The gain control unit 172 receives a logical one voltage level signal at
its input 170 when the comparator 136 determines that the output of the second
integrator Vof the main filter 106 (output 120), as prévided to the comparator 136 by
the switching unit 130, is approximately equal to zero volts, and the comparator 136
provides a logical zero to logical one voltage level transition at its output 138 to the
clock input 140 of the shift register 144 causing the shift register 144 to chiange from
the “010” state to the “001” state. Changing the respective ampliﬁcation factors of
the variable gain stages of the main filter 106 while the oﬁtput of the second integrator -
is approximatelyv equal to zero volts avoids or minimizes the occurrence of transients
in the signal produced at the output of the second integrator caused by the change in
the amplification factors. Accordingly, once it receives a logical one voltage level
signal at its input 170, the gain contro] unit 172 provides a logical one voltage lével
signal on its output 184 to cause swifches 272 and 306 (shown in Fig. 3) to close, and
provides logical zero voltage level signals on its outputs 176, 178, 180, 182 and 186
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to cause the shift register 144 to reset and switches 232, 213, 224, 398, 286 and 320 to

open. In this manner, the amplification factor of the variable gain input stage

_ associated with the first integrator remains the same, and the amplification factor of

the variable gain output stage associated with the first integrator remains the same. At
the same time, the amplification factor of the variable gain input stage associated with

the second integrator is changed from a relatively large value to a relatively moderate

~value, and the amplification factor of the variable gain output stage associated with

the second integrator is changed to be the reciprocal of that of the variable gain input

A stége associated with the second integrator. Once this is completed, the gain control

unit 172 has completed the desired change of the respective amplification factors of
the variable gain stages of the main filter 106.

When the signal received at the system input 102 changes from a
relatively large signal, needing a relatively small amount of amplification to be
processed effectively, to a relatively medium strength signal, needing a relatively
moderate amount of amplification to be processed effectively, the gain control unit
172 changes the respective amplification factors of the variable gain stages of the
main filter 106 accordingly.’ If the signal processing system 100 is adapted to process
a relatively large input signal, a logical one voltage level signal is produced on the
output 184 of the gain control unit 172, and logical zero voltage level signals will be
produced on outputs 176, 178, 180, 182, and 186 of the gain control unit 172. This

‘corresponds to the application of logical one voltage level signals on inputs 114 of the

main filter 106 of Fig. 3, and the application of logical zero voltage level signals on

" inputs 108, 110, 112 and 116 of the main filter 106 of Fig. 3. In addition, a logical

zero voltage level signal is applied to input 142 of the shift register 144 of Fig. 5. If
these conditions exist, and the signal received at the input 162 of the gain control uriit
172 is a logical zero voltage level signal, and the signal received at the input 160 of
the gain control unit 172 is a iogical one voltage level signal, the gain control unit 172
changes the respective amplification factors of the Qariable gain stages of the main
filter 106. The logical one voltage level signal at the input 160 of the gain control umt
172 is provided by output 156 of the strength detector 154 to indicate that the signal
produced by the main filter 160 is approaching the noise floor of the main filter 160.
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The gain control unit 172 begins the process of changing the respective amplification
fé.ctors of the variable gain stages of the maih filter 106 by waiting a specified period
of time equal to the time it would take, given a worst case input signal, for the main
filter 106 to recover from a rapid change in the input signal before increasing the
respective amplification factors of the variable gain stages df the main filter 106 will -

not overload any of the internal nodes of the main filter 106. Once the specified

period of time has elapsed, the gain control unit 172 provides a logical one voltage

level signal on the output 176, while all other outputs remain unchanged. Providing a
logical one voltage level signal on the output 176 of the gain control unit 172
corresponds to applying a logical one voltage level signal to reset/enable input 142 of
the shift register 144, which enables the shift register 144. Once the gain control unit
172 receives a logical one voltage level signal at the input 168, the gain control unit
172 produces logical one voltage Ievgl signals on the outputs 176, 180, 186, and
produces logical zero voltage level signals on the outputs 178, 182, 184, The gain
‘control unit 172 receives a logical one voltage level signal at its input 168 when the
comparator 136 determines that the output of the first integrator of the main filter 106
(output 118), as provided to the comparator 136 by the switching unit 130, is
approximately equal to zero volts, and the comparator 136 provides a logical zero to
logical one voltage level transition at its output 138 to the clock input 140 of the shift
register 144 causing the shift register 144 to change from the “100” state to the “010”
state. Changing the respective amplification factors of the variable gain stages of the
main filter 106 while the output of the first integrafor is approximately equal to zero
volts avoids or minimi;zes the occurrence of transients in the signal produced at the
output of the first integrator caused by the change in the amplification factors.
Accordingly, once it receives a logical one voltage level signal at its input 168, the -
gain control unit 172 provides logical one voltage level signals on its outputs' 176; 180
and 186 to keep the shift register enabled, and to cause switches 224, 398 and 320
(shown in Fig. 3) to close, and provides logical zero voltage level signals on its
outputs 178, 182 and 184 to cause switches 232, 213, 286, 272 and 306 to open. In
this manner, the amplification factor of the variable gain input stage associated with

the first integrator is changed from a relatively small value to a relatively moderate
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value, and the mpﬁﬁcaﬁon factor of the variable gain output stage associated with
the first ihtegrator is changed to be the reciprocal of that of the variable gain input
stage associated with the first integrator. At the same time, the amplification factor of
the variable gain input stage associated with the second integrator is changed from a
relatively moderate value to a relatively small value, and the amplification factor of
the variable gain output stage associated with the second integrator is changed to be
the reciprocal of that of the variable gain input stage associated with the second -
integrator. And then once the gain control unit 172 receives a logical one voltage
level signél at the input 170, it produces logical one voltage level signals on the
outputs 180, 184, and produces logical zero voltage level signals on the outputs 176,
178, 182, 186. The gain control unit 172 receives a logical one voltage level signal at
its input 170 when the comparator 136 determines that the output of the secdnd
integrator of the main filter 106 (output 120), as provided to the comparator 136 by
the switching unit 130, is approximately equal to zero volts, and the comparator 136
provides a logical zero to logical one voltage level transition at its output 138 to the

clock input 140 of the shift register 144 cé.using the shift register 144 to change from

the “010” state to the “001” state. Changing the respective amplification factors of

the variable gain stages of the main filter 106 while the output of the second integrator
is approximately equal to zero volts avoids or minimizes the occurrence of transients
in the signal produéed at the output of the second integrator caused by the change in
the amplification factors. Accordingly, once it receives a logical one voltage level
signal at its input 170, the gain control unit 172 provides logical one voltage level
signals on its outputs 180 and 184 to cause switches 224, 398, 272 and 306 (shown in
Fig.3)to close, and provides logical zero voltage level signals on its outputs 176,

178, 182 and 186 to cause the shift register 144 to reset and switches 232, 213, 286
and 320 to open. In this manner, the amplification factor of the variable gain input

stage associated with the first integrator remains the same, and the amplification

factor of the variable gain output stage associated with the first integrator remains the

same. At the same time, the amplification factor of the variable gain input stage -
associated with the second integrator is changed from a relatively small value to a

relatively moderate value, and the amplification factor of the variable gain output
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stage associated with the second integrator is changed to be the reciprocal of that of
the variable gain input stage associated with the second integrator. Once this is
completed, the gain control unit 172 has completed the desired change of the
respective amplification factors of the variable gain stages of the main filter 106.

- When the signal received at the system input 102 changes from a
relatively medium strength signal, needing a relatively moderate amount of
amplification to be processed effectively, to a relatively small signal, needing a
relatively large amount of amplification to be processed effectively, the gain control
unit 172 changes the respective ampliﬁcatibn' factors of the variable gain stages of the
main filter 106 accordingly. If the signai processing system 100 is adapted to process
a relatively medium strength input signal, logical one voltage level signals are ,
produced on the outputs 180, 184 of the gain control unit 172, and logical zero
voltage level signals are produced on outputs 176, 178, 182, and 186 of the gain
control unit 172. This corresponds to the application of logical one voltage level-
signals on inputs 110 and 114 of the main filter 106 of Fig. 3, and the application of
logical zero voltage level signals on inputs 108, 112 and 116 of the main filter 106 of
Fig. 3. In addition, a logical zero voltage level signal is applied to input 142 of the
shift register 144 of Fig. 5. If these conditions exist, and the signal received at the
input 162 of the gain control unit.172is a logical zero voltage level signal, and the
signal received at the input 160 of the gain control unit 172 is a logical one voltage
level signal, the gain control unit 172 changes the respective amplification factors of
the variable gain stages of the main filter 106. The logical one voltage level signai at
the input 160 of the gain control unit 172 is provided by output 156 of the strength
detector 154 to indicate that the signal produced by the main filter 160 is approaching
the noise floor of the main filter 160. The gain control unit 172 begins the process of
changing the respective amplification factors of the variable gain stages of the main
filter 106 by waiting a specified period of time equal to the time it would take, given a
worst case rapidly chmgmg input signal, for the main filter 106 to recover from a
rapid change in the input signal before increasing the respective amplification factors
of the vaﬁable gain stages of the main filter 106 will not overload any of the internal

nodes of the main filter 106. Once the specified period of time has elapsed, the gain
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control unit 172 provides a logical one voltage level signal on the output 176, while
all other outputs remain unchanged. Providing a logical one voltage level signal on -
the output 176 of the gain control unit 172 cbrresponds to applying a logical one
voltage level signal to reset/enable input 142 of the shift register 144, which enables
the shift register 144. Once the gain control unit 172 receives a logical one voltage
level signal at the input 168, it produces logical oné voltage level signals on the
outputs 176, 178, 186, and produces logical zero voltage level signals on the outputs
180, 182, 184. The gain control unit 172 receives a logical one voltage level signal at
its input 168 when the comparator 136 determines that the output of the first
integrator of the main filter 106 (ou'tput 1i8), as provided to the comparator 136 by
the switching unit 130, is approximately equal to zero volts, and the comparator 136
provides a logical zero to logical one voltage level transition at its output 138 to the
clock input 140 of the shift register 144 causing the shift register 144 to change from
the “100” state to the “010” state. Changing the respective amplification factors of
the variable gain stages of the main filter 106 while the output of the first integrator 1;s
approximately equal to zero volts avoids or minimizes the occurrence of transients in
the signal produced at the output of the first integrator caused by the change in the
amplification factors. Accordingly, once it receives a logical one voltage level signal
at its input 168, the gain control unit 172 provides logical one voltage level signals on
its outputs 176, 178 and 186 to keep the shift register enabled, and to cause switches
232, 213 and 320 (shown in Fig. 3) to close, and provides logical zero voltage level
signals on its outputs 180, 182 and 184 to cause switches 224, 398, 286, 272 and 306
to open. In this manner, the amplification factor of the variable gain input stage
associated with the first integrator is changed from a relatively moderate value to a
relatively large value, and the amplification factor of the variable gain output stage
associated with the first integrator is changed to be the reciprocal of that of the
variable gain input stage associated with the first integrator. At the same time, the
amplification factor of the variable gain input stage associated with the second
integrator is changed from a relatively moderate value to a relatively small value, and
the amplification factor of the variable gain output stage associated with the second

integrator is changed to be the reciprocal of that of the variable gain input stage
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associated with the secoﬁd integrator, And then once the gain control unit 172
receives a logical one voltage level signal at the input 170, the gain control unit 172
produces logical one voltage level signals on the output 178, 184, and produces
logical zero voltage level signals on the outputs 176, 180, 182, 186. The gain control

. unit 172 receives a logical one voltage level signal at its input 170 when the

comparator 136 determines that the output of the second integrator of the main filter ‘
106 (output 120), as provided to the comparator 136 by the switching unit 130, is’
approximatély equal to zero volts, and the comparator 136 provides a logical zero to
logical one voltage level transition at its output 138 to the clock input 140 of the shift
register 144 causing the> shift régister 144 to chaﬁge from the “010” state to the “001”
state. Changing the respective amplification factors of the variable gain stages of the
main filter 106 while the output of the second integrator is approximately equal to

zero volts avoids or minimizes the occurrence of transients in the signal produced at

- the output of the second integrator caused by the change in the amplification factors.

Accordingly, once it receives a logical one voltage level signal at its input 170, the
gain control unit 172 provides logical one voltage level signals on its outputs 178 and
184 to cause switches 232, 213, 272 and 306 (shown in Fig. 3) to close, and provides
logical zero voltage level signals on its outputs 176, 180, 182 and 186 to cause the
shift register 144 to reset and switches 224, 398, 286 and 320 to open. In this manner,
the amplification factor of the variable gain input stage associated with the ﬁﬁt

integrator remains the same, and the amplification factor of the variable gain output

-stage associated with the first integrator remains the same. At the same time, the

amplification factor of the variable gain input stage associated with the second
integrator is changed from a relatively small value to a relatively moderate value, and
the ambliﬁcation factor of the variable gain output stage associated with the second
integrator is changed to be the reciprocal of that of the variable gain input stage
associated with the second integrator. Once this is completed, the gain control unit
172 has completed the desired change of the respecﬁve amplification factors of the
variable gain stages of the main filter 106. -

The N-bit counter 911 receives a. signal at an enable/reset input 907,

and a signal at a clock input 909, and provides an output at a counter overflow output
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913. If the signal received at the input 907 is a logical one voltage level signal, the N-
bit counter 911 increments on the positive edge (i.e., a transition from a logical zero
voltage level to a logical one voltage level) of each clock cycle, and the signal
produced at the counter overflow output 913 is a logical zero, until the N-bit counter
911 reaches a specified maximuni value. On the clock cycle after the N-bit counter
911 reaches its specified maximum value, the signal produced at the counter overflow
output 913 is a logical one voltage level signal. If the signal received at the input 907
is a logical zero voltage level signal, the N-bit counter 911 is reset to a predetermined
state, and the signal produced at the counter overflow output 913 is a logical zero
voltage level signal. In a certain embodiment, the predetermined state is selected such
that once the signal received at the enable/reset input 967 changes from a logical zero

voltage level signal to a logical one voltage level signal, the counter overflow output

-913 will not change to a logical one voltage level signal until a time equal to the time

it would take, given a worst case rapidly changing input signal, for the main filter 106
to recover from a rapid change in the input signal before increasing the respedive :
amplification factors of the variable gain stages of the main filter 106 will not
overload any of the internal nodes of the main filter 106.

A five input AND gate 902 receives the inverse of a signal from a data
output 974 of the positive edge triggered D-type flip flop 972, a signal from a data
output 982 of the positive edge triggered D-type flip flop 980, a signal from a data
output 990 of the positive edge triggered D-type flip flop 988, a signal from a data
output 998 of the positive edge triggered D-type flip flop 996, and a signal received
from the counter overflow output 913. The output of the AND gate 902 is connected
to one input of a two input OR gate 906. A five input AND gate 904 receives a signal
from the data output 974 of the positive edge triggered D-type flip flop 972, the
inverse of a signal from the data output 982 of the positive edge triggered D-type flip

“flop 980, the inverse of a signal from the data output 990 of the positive edge

triggered D-type flip flop 988, the inverse of a signal from the data output 998 of the

" positive edge ﬁiggered D-type flip flop 996, and the inverse of a signal received from

the counter overflow output 913. The output of the AND gate 904 is connected to the
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other input of a two input OR gate 906. The output of the two input OR gate 906 is
connected to the data input 968 of the positive edge triggered D-type flip flop 972.

A six input AND gate 908 receives the inverse of a signal from the
data output 974 of the positive edge triggered D-type flip flop 972, the inverse of a
signal from the data output 982 of the positive edge triggered D-type flip flop 980, a
signal from the data output 990 of the positive edge triggered D-type flip flop 988, the
inverse of a signal from the data output 998 of the positive edge triggered D-type flip
flop 996, the inverse of a signal received by the input 162, and a signal received by
the input 160. The AND gate 908 provides its output to a first input of a nine input
OR gate 926. A five ﬁ1put AND gate 910 receives the inverse of a signal from the
data output 974 of the positive edge triggered D-type flip flop 972, the inverse of a
signal from the data output 982 of the positive edge triggered D-type flip flop 980, a
signal from the data output 990 of the positive edge tn'ggeréd D-type flip flop 988, a
signal from the data output 998 of the positive edge triggered D-type flip flop 996,
and a signal received by the input 170. The output of the AND gate 908 is provided '
to a second input of the nine input OR gate 926.' A five input AND gate 912 receives
the inverse of a signal from thé data output 974 of the positive edge triggered D-type

' flip flop 972, a signal from the data output 982 of the positive edge triggered D-type

flip ﬂop' 980, the inverse of a signal from the data output 990 of the positive edge

“triggered D-type flip flop 988, the inverse of a signal from the data output 998 of the

positive edge triggered D-type flip flop 996, and the inverse of a signal received by
the input 160.. The output of the AND gate 914 is provided to a fourth input of the
nine input OR gate 926. A five input AND gate 914 receives the inverse of a signal
from the data output 974 of the positive edge triggered D-type flip flop 972, a signal
from the data output 982 of the positive edge triggered D-type flip flop 980, the
inverse of a signal from the data output 990 of the positive edge triggered D-type flip
flop 988, the inverse of a signal from the data output 998 of the positive edge .
triggered D-type flip flop 996, and a signal received by the input 160. The output of
the AND gate 914 is provided to a fourth input of the nine input OR gate 926. A five
input AND gate 916 receives the inverse of a signal from the data output 974 of the
positive edge triggered D-type flip flop 972, a signal from the data output 982 of the
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positive edge triggered D-type flip flop 980, the inverse of a sighal from the data
output 990 of the positive edge triggered D-type flip flop 988, a signal from the data
output 998 of the positive edge triggered D-type flip flop 996, and the inverse of a
signal received from the overflow output 913 of the counter 911. The output of the

~ AND gate 916 is provided to a fifth input of the nine input OR gate 926. A five input

AND gate 918 receives the inverse of a signal from the data output 974 of the positive
edge triggered D-type flip flop 972, a signal from the data output 982 of the positive
edge triggered D-type flip flop 980, the inverse of a signal from the data output 990 of

‘the positive edge triggered D-type. ﬂip flop 988, a signal from the data output 998 of

the positive edge triggered D-type flip flop 996, and a signal received from the
overflow output 913 of the counter 911. The AND gate 918 is providqd to a sixth
inpuf of the nine input OR gate 926. A five input AND gate 920 receives the inverse
of a signal from the data output 974 of the positive edge triggered D-type flip flop |
972, a signal from the data output 982 of the positive edge triggered D-type ﬂip flop
980, a signal from the data output 990 of the positive.edge triggered D-type flip flop
988, the inverse of a signal from the data output 998 of the positive edge triggered D-
type flip flop 996, and the inverse of a signal received by the input 170. The output of
the AND gate 920 is provided to a seventh input of the nine input OR gate 926. A
five input AND gate 922 receives the inverse of a signal from the data output 974 of
the positive edge triggered D-type flip flop 972, a signal from the data output 982 of
the positive edgé triggered D-type flip flop 980, a signal from the data output 990 of
the positive edge triggered D-type flip flop 988, the inverse of a signal from the data

" output 998 of the positive edge ﬁiggered D-type flip flop 996, and a signal received

by the input 170. The output of the AND gate 922 is provided to an eighth input of
the nine input OR gafe 926. A five input AND gate 924 receives the inverse of a
signal from the data outpuf 974 of the positive edge triggered D-type flip flop 972, a-
signal from the data output 982 of the positive edge tﬁggercd D-type flip flop 980, a
signal from the data output 990 of the positive edge triggered D-type flip flop 988, a
signal from the data output 998 of the positive edge triggered D-type flip flop 996, ‘
and the inverse of a signal received from the overflow output 913 of the counter 911.

The output of AND gate 924 is provided to the ninth input of the nine input OR gate
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926. The output of the nine input OR gate 926 is provided to a data input 976 of the
positive edge triggered D-type flip flop 980. _

' A five input AND gate 928 receives the inverse of a signal from the
data output 974 of the positive edge triggered D-type flip flop 972, the inverse of a
signal from the data output 982 of the positive edge triggered D-type flip flop 980, the
inverse of a signal from the data output 990 of the positive edge triggered D-type flip
flop 988, a signal from the data output 998 of the positive edge triggered D-type flip
flop 996, and a signal received by the input 170. The output of the AND gate 928 is
provided to a first input of a nine input OR gate 946. A six input AND gate 930
receives the inverse of a signal from the data oiltplit 974 of the positive edge triggered
D-type flip flop 972, the inverse of a signal from the déta output 982 of the positive
edge triggered D-type flip ﬂopv9_80, a signal from the data output 990 of the positive
edge triggered D-type flip flop 988, the inverse of a signal from the data output 998 of
the positive' edge triggered D-type flip flop 996, the inverse of a signal received by the
input 160, and the inverse of a signal received by the input 162. The output of the
AND gate 930 is provided to a second input of the nine input OR gate 946. A six
inpﬁt AND gate 932 receives the inverse of a signal from the data output 974 of the
positive edge triggered D-type flip flop 972, the inverse of a signal from the data
output 982 of the positive edge triggéred D-type flip flop 980, a signal from the data
output 990 of the positive edge triggered D-type flip flop 988, the inverse of a signal
from the data output 998 of the positive edge triggered D-type flip flop 996, a signal
received by the input 160, and the inverse of a signal received by the input 162. The
output of the AND gate 932 is provided to a third input of the m’ne. input OR gate 946.
A six input AND gate 934 receives the inverse of a signal from the data outi)ut 974 of
the positive edge triggered D-type flip flop 972, the inverse of a signal from the data
output 982 of the positive edge triggered D-type flip flop 980, a signal from the data

output 990 of the positive edge triggered D-type flip flop 988, the inverse of a signal

from the data output 998 of the positive edge triggered D-type flip flop 996, a signal
received by the input 160, and the inverse of a signél received by the input 162. The
output of the AND gate 934 is provided to a fourth input of the nine input OR gate
946. A five input AND gate 936 receives the inverse of a signal from the data output
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974 of the positive edge triggered D-type flip flop 972, the inverse of a signal from

the data output 982 of the positive edge triggered D-type flip flop 980, a signal from
the data output 990 of the positive edge triggered D-type flip flop 988, a signal from
the data output 998 of the positive edge triggered D-type flip flop 996, and the inverse
of a signal received by the input 170. The output of the AND gate 936 is provided to
a fifth input of the nine input OR gate 946. A five input AND gate 938 receives the
inverse of a signal from the data output 974 of the positive edge triggered D-type flip
flop 972, a signal from the data output 982 of the positive edge triggered D-type flip
flop 980, the inverse of a signal from the data output 990 of the positive edge
triggered D-type flip flop 988, a signal from the data output 998 of the positive edge
triggered D-type flip flop 996, and a signal from the overflow output 913 of the
counter 911. The output of the AND gate 938 is provided to a sixth input of the nine
input OR gate 946. A five input AND gate 940 reéeives the i;lverse of a signal from
the data output 974 of tﬁe positive edge triggered D-type flip flop 972, a signal from
the data output 982 of the positive edge triggered D-type flip flop 980, a signal from
the data output 990 of the positive edge triggered D-type flip flop 988, the inverse of a
signal from the data output 998 of the positive edge triggered D-type flip flop 996,
and the inverse of a signal received by the input 170. The output of the AND gate
940 is provided to a seventh input of the nine input OR gate 946. A five input AND
gate 942 receives the inverse of a signal from the data output 974 of the positive edge
triggered D-type flip flop 972,a signal from the data output 982 of the positive edge
triggered D-type flip flop 980, a signal from the data output 990 of the positive edge
triggered D-type flip flop 988, the inverse of a signal from the data vou'tput 998 of the
positive edge triggered D-type flip flop 996, and a signal received by the input 170.
The output of the AND gate 942 is provided to an eighth input of the nine input OR
gate 946. A five input AND gate 944 receives the inverse of a signal from the data

: output 974 of the positive edge triggered D-type flip flop 972, a signél from the data

output 982 of the positive edge triggered D-type flip flop 980, a signal from the data
output 990 of the positive edge triggered D-type flip flop 988, a signal from the data
output 998 of the positive edge triggered D-type flip flop 996, and the inverse of a

signal from the overflow output 913 of the counter 911. The output of the AND gate
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944 is provided to a ninth input of the nine input OR gate 946. The output of the nine
input OR gate 946 is provided to a data input 984 of the positive edge triggered D-
type flip flop 988. ‘

A ﬁve input AND gate 948 receives the inverse of a signal from the
data output 974 of the positive edge triggered D-type flip flop 972, the inverse of a
signal from the data output 982 of the positive edge triggered D-type flip flop 980, the
inverse of a signal from the data output 990 of the positive edge triggered D-type flip
flop 988, the inverse of a signal from the data output 998 of the positive edge
triggered D-type flip flop 996, and a signal received by the iﬁput 162. The output of
the AND gate 948 is provided to a first input of a nine input OR gate 966. A five
input AND gate 950 receives the inverse of a signal from the data output 974 of the
positive edge triggered D-type flip flop 972, the inverse of a signal from the data
output 982 of the positive edge trigg;:red D-type flip flop 980, the inverse of a signal
from the data output 990 of the positive edge triggered D-type flip flop 988, a signal
from the data output 998 of the positive edge triggered D-type flip flop 996, and the
inverse of a signal received by the input 170. The output of the AND gate 950 is
provided to a second input of the nine input OR gate 966. A six input AND gate 952
receives the inverse of a signal from the data outpﬁt 974 of the positive edge triggered
D-type flip flop 972, the inverse of a signal from the data output 982 of the positive
edge triggered D-type flip flop 980, a signal from the data output 990 of the positive-
edge triggered D-type flip flop 988, the inverse of a signal from the data output 998 of
the positive edge triggered D-type flip flop 996, a signal received by the input 162,
and the inverse of a signal received by the input 160. The output of the AND gate
952 is provided to a third input of the nine input OR gate 966. A six input AND gate -
954 receives the inverse of a signal from the data output 974 of the positive edge
triggered D-type flip flop 972, the inverse.of a signal from the data output 982 of the
positive edge triggered D-type flip flop 980, a signal from the data output 990 of the
positive edge triggered D-type flip flop 988, the inverse of a signal from the data
output 998 of the positive edge triggered D-type flip flop 996, the inverse of a signal
received by the input 162, and a signal received by the input 160. The output of the '
AND gate 954 is provided to a fourth input of the nine input OR gate 966. A five
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input AND gate 956 receives the inverse of a signal from the data output 974 of the
positive edge triggered D-type flip flop 972, the‘ inverse of a signal from the data
output 982 of the positive edge triggered D-type flip flop 980, a signal from the data
output 990 of the positive edge triggered D-type flip flop 988, a signal from the data
output 998 of the positive edge triggered D-type flip flop 996, and the inverse of a
signal received by the input 170. The output of the AND gate 956 is provided to a
fifth input of the nine input OR gate 966. A five input AND gate 958 receives the
inverse of a signal from the data output 974 of the positive edge triggered D-type flip
flop 972, a signal from the data output 982 of the positive edge triggered D-type flip
flop 980, the inverse of a signal from the data output 990 of the positive edge
triggered D-type flip flop 988, the inverse of a signal from the data output 998 of the
positive edge triggered D-type flip flop 996, and a signal received by the inpuf 160.
The output of the AND gate 958 is provided to a sixth input of the nine input OR gaté
966. A five input AND gate 960 receives the inverse of a signal from the data output
974 of the posiﬁve edge triggered D-type flip flop 972, a signal from the data output
982 of the positive edge triggered D-type flip flop 980, the inverse of a signal from
the data output 990 of the positive edge triggered D-type flip flop 988, a signal from
the data output 998 of the positive edge triggered D-type flip flop 996, and the inverse
of a signal received from the overflow output 913 of the counter 911. The output of
the AND gate 960 is provided to a seventh input of the nine input OR gate 966. A -
five input AND gate 962 receives the inverse of a signal from the data output 974 of
the positive edge triggered D-type flip ﬂop 972, a signal from the data output 982 of
the positive edge triggered D-type flip flop 980, a'signal from the data oﬁtput 990 of
the positive edge triggered D-type flip flop 988, the inverse of a signal from the data
output 998 of the positive edge triggered D-type flip flop 996, and a signal received .

* by the input 170. The output of the AND gate 962 if provided to an eighth input of

the nine input OR gate 966. A five input AND gate 964 receives the inverse of a
signal from the data output 974 of the positive edge triggered D-type flip flop 972, a
signal from the data output 982 of the positive edge triggered D-type flip flop 980, a
signal from the data output 990 of the positive edge triggered D-type flip flop 988, a
signal from the data output 998 of the positive edge triggered D-type flip flop 996,
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and the inverse of a signal received from the overflow output 913 of the counter 911.
The output of the AND gate 964 is provided to a ninth input of the nine input OR gate
966. The output of the nine input OR gate 966 is provided to a data input 992 of the

positive edge triggered D-type flip flop 996.

The first D-type flip-flop 972 holds the most significant bit of the
current state of the gain control unit 172 until the next positive edge of the clock
signal is received at the clock input 985 of the gain control unit 172, at which time the
most significant bit of the current state is provided at the data output 974 of the first
D-type flip-flop 972. The output 974 is coupled to a terminal 915. The second D-
type flip-flop 980 holds the second most significant bit of the current state of the gain

 control unit 172 until the next positive edge of the clock signal is received at the clock

input 985 of the gain control unit 172, at which time the second most significant bit of
the current state is provided at the data output 982 of the second D-type flip-flop 980.
The output 982 is coupled to a terminal 917. The third D-type. flip-flop 988 holds the
third most significant bit of the current state of the gain control unit 172 until the next
positive edge of the clock signal is received at the clock input 985 of the gain control
unit 172, at which time the third most significant bit of the current state is provided at
the data output 990 of the third D-type flip-flop 988. The output 990 is coupled to a
terminal 919. The fourth D-type flip-flop 996 holds the least significant bit of the
current state of the gain'control unit 172 until the next positive edge of the clock
signal is received at the clock input 985 of the gain control unit 172, at which time the
least significant bit of the current state is provided at the data output 998 of the fourth

D-type flip-flop 996. The output 998 is coupled to a terminal 921.

A four input AND gate 901 receives the inverse of a signal from the
data output 974 of the positive edge triggered D-type flip flop 972, a signal from the
data output 982 of the positive edge triggered D-type flip flop 980, the inverse ofa
signal from the data output 990 of the positive edge triggered D-type flip flop 988,
and a signal from the data output 998 of the positive edge triggered D-type flip flop
996. The output 6f the AND gate 901 is provided to one input of a two input OR gate
905. A four input AND gate 903 receives the inverse of a signal from the data output
974 of the positive edge triggered D-type flip flop 972, a signal from the data output
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982 of the positive edge triggered D-type flip flop 980, a signal from the data output
990 of the positive edge triggered D-type flip flop 988, and a signal from the data
output 998 of the positive edge triggered D-type flip flop 996. The output of the
AND gate 903 is provided to the other input of the two input OR gate 905. The
output of the two input OR gate 905 is provided to the enable/reset input 907 of the
N-bit counter 911.

A four input AND gate 923 receives the inverse of a signal received by

the input 915, the inverse of a signal received by the input 917, the inverse of a signal

- received by the input 919, and the inverse of a signal received by the input 921, The

output of the AND gate 923 is provided to a first input of a four input OR gate 931. A
seven input AND gate 925 receives the inverse of a signal received by the input 915,
the inverse of a signal received by the input 917, the inverse of a signal received by
the input 919, a signal received by the input 921, a signal received by the input 166,
the inverse of a signal received by the input 168, and the inverse of a signal received

by the input 170. The output of the AND gate 925 is provided to a second input of the

" four input OR gate 931. A seven input AND gate 927 receives a signal received by .

the input 915, the inverse of a signal received by the input 917, the inverse of a signal -
received by the input 919, the inverse of a signal received by the input 921, the

inverse of a signal received by the input 166, a signal received by the input 168, and
the inverse of a signal received by the input 170. The output of the AND gate 927 is
provided to a third input of the four input OR gate 931. A seven input AND gate 929
receives a signal received by the input 915, the inverse of a signal received by the
input 917, the inverse of a'signal received by the input 919, the inverse of a signal
received by the input 921, the inverse of a signal received by the input 166, the

inverse of a signal received by the input 168, and & signal received by the input 170.

* The output of the AND gate 926 is provided to a fourth input of the four input OR

gate 931. The output of the four input OR gate 931 is provided to the output 178.
A four input AND gate 933 receives the inverse of a signal received by

the input 915, the inverse of a signal received by the input 917, a signal received by

the input 919, and the inverse of a signal received by the input 921. The output of the
AND gate 933 is provided to a first input of an eight input OR gate 949. A four input
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~ AND gate 935 receives the inverse of a signal received by the input 915, a signal

received by the input 917, a signal received by the input 919, and a signal received by
the input 921. The output of the AND gate 935 is provided to a second input of the
eight input OR gate 949. A seven input AND gate 937 receives the inverse ofa signal
received by the input 915, the inverse ofa signal received by the input 917, a signal
received by the input 919, a signal received by the input 921, a signal received by the
input 166, the inverse of a signal received by the input 168, and the inverse of a signal
received by-'the input 170. The output of the AND gate 937 is provided to a third
input of the eight input OR gate 949. A seven input AND gate 939 receives a signal
received by the input 915, the inverse of a éignal received by the input 917, the
inverse of a signal received by the input 919, the inverse of a signal received by the
input 921, a signal received by the input 166, the inverse of a signal received by the
input 168, and the inverse of a signal received By the input 170. The output of the
AND gate 939 is provided to a fourth input of the eight inpﬁt OR gafe 949. A seven
input AND gate 941 receives the inverse of a signal received by the input 915, the
inverse of a signal received by the input 917, the inverse of a signal received by the
input 919, a signal received by the input 921, the inverse of a signal received by the
input 166, a signal received by the input 168, and the inverse of a signal received by
the input 170. The output of the AND gate 941 is provided to a fifth input of the eight
input OR gate 949. A seven input AND gate 943 receives the inverse of a signal
received by the input 915, the inverse of a signal received by the ihput 917, the
inverse of a signal received by the input 919, a signal received by the input 921, the
inverse of a signal received by the iﬁput 166, the inverse of a signal received by the
input 168, and a signal received by the input 170. The output of the AND gate 943 is
provided to a sixth input of the eight input OR gate 949. A seven input AND gate 945
receives the inverse of a signal received by the input 915, a signal received by the
input 917, a signal received by the input 919, the inverse of a signal received by the
input 921, the inverse of a signal received by the input 166, a signal received by the
input 168, and the inverse of a signal received by the input 170. The output of the
AND gate 945 is provided to a seventh input of the eight input OR gate 949. A seven
input AND gate 947 receives the inverse of a signal received by the input 915, a
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signal received by the input 917, a signal received by the input 919, the inverse of a
signal received by the input 921, the inverse of a signal received by the input 166, the
inverse of a signal received by the input 168, and a signal received by the input 170.
The output of the AND gate 947 is provided to an eighth input of the eight input OR
gate 949. The output of the eight input OR gate 949 is provided to the output 180 of
the gain control unit 172. '

A seven input AND gate 951 receives the inverse of a signal received
by the input 915, the inverse of a signal received by the input 917, the inverse of a
signal received by the input 919, a signal received by the input 921, the inverse of a
signal received by the input 166, a signal received by thé input 168, and the inverse of
a signal received by the input 170. The output of the AND gate 951 is provided to .
one input of a two input OR gate 955. A seven input AND gate 953 receives the
inverse of a signal received by the input 915, the inverse of a signal received by the
input 917, a signal received by the input 919, a signal received by the input 921, the
inverse of a signal received by the input 166, a signal received by.the input 168, and
the inverse of a signal received by the input 170. The output of the AND gate 953 is 4
provided to the other input of the two input OR gate 955. The output of the two input
OR gate 955 is provided to the output 182 of the gain control unit 172.

A seven input AND gate 957 receives the inverse of a signal received
by the input 915, the inverse of a signal received by the input 917, the inverse of a
signal received by the input 919, a signal received by the input 921, the inverse of a
signal received by the input 166, a signal received by the input 168, and the inverse of

~ asignal received by the input 170. The output of the AND gate 957 is provided to a

first input of a four input NOR gate 965. A seven input AND gate 959 receives the
inverse of a signal received by the input 915, the inverse of a signal receivedAby the
input 917, a signal received by the input 919, a signal received by the input 921, the
inverse of a signal received by the input 166, a signal received by the input 168, and
the inverse of a signal received by the input 170. The output of the AND gate 959 is
pfovided to a second input of the four iﬁput NOR gate 965. A seven input AND gate
961 receives the inverse of a signal received by the input 915, a si. gnal received by the
input 917, a signal received by the input 919, the inverse of a signal received by the
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input 921, the inverse of a signal received by the input 166, a signal received by the

input 168, and the inverse of a signal received by the input 170. The output of the
AND gate 961 is provided to a third input of the four input NOR gate 965. A seven
input AND gate 963 receives a signal received by the input 915, the inverse of a
signal received by the inpﬁt 917, the inverse of a signal received by the input 919, the

" inverse of a signal received by the input 921, the inverse of a signal received by the

input 166, a éignal received by the input 168, and the inverse of a signal received by

- the input 170. The output of the AND gate 963 is provided to a fourth input of the

four input NOR gate 965. The output of the four input NOR gate 965 is provided to
the output 184 of the gain control unit 172.

A seven input AND gate 967 receives a signal received by the input
915, the inverse of a signal received by the input 917, the inverse of a signal receivéd
by the input 919, the inverse of a signal received by the input 921, the inverse of a
signal received by the input 166, a signal received by the input 168, and the inverse of
a signal received by the input 170. The output of the AND gate 967 is provided to
one input of a two input OR gate 971. A seven input AND gate 969 receives the
inverse of a signal received by the input 915, a signal received by the input 917, a
signal received by the input 919, the inverse of a signal received by the input 921, the

“1inverse of a signal received by the input 166, a signal received by the input 168, and

the inverse of a signal received by the input 170. The output of the AND gate 969 is
provided to the other input of the two input OR gate 971. The output of the two inpuf
OR gate 971 is provided to the output 186 of the gain control unit 172.

A four input AND gate 973 receives the inverse of a signal received by
the input 9135, the inverse of a signal received bby the input 917, the inverse of a signal
teceived by the input 919, and the inverse of a signal received by the input 921. The
output of the AND gate 973 is provided to a first input of a five input OR gate 983. A
four input AND gate 975 receives the inverse of a signal received by the input 915,

* the inverse of a signal received by the input 917, a signal received by the input 919,

and the inverse of a signal received by the input 921. The output of the AND gate
975 is provided to a second input of the five input OR gate 983. A four input AND

gate 977 receives the inverse of a signal received by the input 915, a signal received
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by the input 917, the inverse of a signal received by the input 919, and the inverse of a
signal received by the input 921. The output of the AND gate 977 is provided to a
third input of the five input OR gate 983. A four input AND gate 979 receives the

. inverse of a signal received by the input 915, a signal received by the input 917, the

inverse of a signal received by the input 919, and a signal received by the input 921.
The output of the AND gate 979 is provided to a fourth input of the five input OR
gate 983. A four input AND gate 981 receives the inverse of a signal received by the
input 915, a signal received by the input 917, a signal received by the input 919, and a
signal received by the input 921." The output of the AND gate 981 is provided to a
fifth input of the five input OR gate 983. The output of the five input OR gate 983 is
provided to the output 176 of the gain control unit 172.

Fig. 11 illustrates an exemplary embodiment of the transconductor 742
in the peak detector 604 depicted in Fig. 7 in greater detail. The transconductor 742
includes an NMOS transistor Qy, an NMOS transistor Qs, a PMOS transistor Qs, a

'PMOS transistor Q4, an NMOS transistor Qs, an NMOS transistor Qg, and a current

source 1124, _ _

A signal received by the positive input 744 of the transconductor 742 is
applied to the gate 1105 of the NMOS transistor Q;. The NMOS transistor Q; allows
current to flow from its source 1107 to its drain 1106, or vice versa, depending on the
signal at the gate 1105 and the relative voltages at its source 1107 and at its drain
1106. The drain 1106 of the NMOS transistor Q; is connected to the drain 1113 and
the gate 1111 of the PMOS transistor Qs, and the gate 1114 of the PMOS transistor
Qq. The source lvl 07 of the NMOS ténsistor Q1 is connected to the drain 1118 of the
NMOS transistor Qs and thé» source 1110 of the NMOS transistor Q..

A signal received by the negative input 746 of the transconductor 742
is applied to the gate 1108 of the NMOS transistor Q,. The drain 1109 of the NMOS
transistor Q; is connected to the drain 1116 of the PMOS transistor Q4 and the output
748 of the transconductor 742. The source 1110 of the NMOS transistor Q; is
connected to the drain 1118 of the NMOS transistor Qs, ‘and the source 1107 of the
NMOS transistor Q. .
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The drain 1113 of the PMOS transistor Qs is connected to the drain
1106 of the NMOS transistor Q,, the gate 1111 of the PMOS transistdr Q;, and the
gate 1114 of the PMOS transistor Q4. The source 1112 of the PMOS transistor Qs is
connected to supply voltage V.

The source 1115 of the PMOS transistor Q, is connected to supply
voltage Vgq.

The drain 1118 of the NMOS transistor Qs is connected to the source

1107 of the NMOS transistor Q and the source 1110 of the NMOS transistor Q,. The

source 1119 of the NMOS transistor Qs is connected to supply voltage V. The gate
1117 of the NMOS transistor Qs is connected to the gate 1120 and the drain 1121 of
the NMOS transistor Qg, and fhe negative terminal 1125 of the current source 1124,

The source 1122 of the NMOS transistor Qg is connected to supply
voltage V.

The current source 1124 produces a bias current Iy;,s for the
transconductor 332. The bias current I, produced by the current source 1124 is
adjusted to give a stable center frequency in the presence of fabrication tolerances and
temperature variations. The bias current I;,s can be any value, for example 100
micro-a.mperes, and the transistors Qy, Qz, Qs, Q4, Qs, Qs of the transconductor 742
are scaled to yield the desired transconductances. The transconductance for the
transconductors is calculated using the equation:

' Gm =lut/ (Vas - V), ' )
where Iy is the current passing through the transistor Qs, Vs the
threshold voltage of transistors Qs and Qg, and Vg is the gate-source voltage of the
transistors Qs, Qs. The linear range of the transconductor is related to the quantity
Vs - V. Once the bias cuﬁent Tnias has been set, the tranéistors .Qs, Qg are scaled
such that, the following equatipn is satisfied: .
' (Was / Los) / (Was / Los) = It / Tiias, @
where Wqs and Lqs are the width and length of the channel of NMOS
transistor Qs, respectively, and Wog and Log are the width and length of the channel of
NMOS transistor Qg, respectively. The pbsitive terminal of the current source 1124 is

connected to supply voltage Vag. The preferred form of the current source 1124 is a
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gate 1120 of the NMOS transistor Qs.
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1. An active filter system comprising:

a system input for receiving a system input signal;

a system output for providing a system output signal;

a main filter having at least one successive filter stage having an input
and an output, including a first filter stage, each filter stage having an associated input
amplification stage including a signal input, a signal output coupled to the input of the
associated filter stage and a gain control input for receiving a gain control signal that
determines the amplification factor of the associated input amplification stage, the
input of the input amplification stage associated with each filter stage, except for the
input amplification stage associated with the first filter stage, being coupled to the.
output of a preceding filter stage, if any, the input of the amplification stage
dssociated with the first filter stage being coupled to.the system input, each filter stage
having an associated output amplification stage including a signal input coupled to the
output of the associated filter stage, a signal output and a gain control input for
receiving a gain control signal that determines the ampliﬁcaﬁon factor of the
associated output amplification stage, the signal output of the output amplification
stage associated with a selected one of the at least one filter stage being coupled to the
system output;

a strength detector having an input coupled to the output of the first

. filter stage, and having a first output and a second output for providing respective

output signals indicative of whether the first filter stage is approaching saturation or is
providing an output signal having less than a minimum acceptable signal to noise
ratio;

a zero crossing detector having at least one input coupled to respective
ones of the at least one output of fhe at least one filter stage of the main filter, and
having at least one output for providing at least one signal indicative of when a
stccessive one of the at least one filter stage of the main filter provides a signal at its

output that is approximately equal to zero; and
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a gain control unit having a first input and a second input respectively
coupled to the output of the strength detector and coupled to the at least one output of
the zero crossing detector, and having a multiplicity of outputs for providing .
respective gain control signals to the gain control input of each input amplification

stage and each output amplification stage associated with the at least one filter stage

.of the main filter, the gain control unit being responsive to signals provided initially
" by the strength detector indicative of the first filter stage approaching saturation or

providing an output signal having less than the minimum acceptable signal to noise
ratio, and a signal from the zero crossing detector indicative of the output signal
provided by the first filter stage being approximately equal to zero for providing a
gain control signal to the gain control input of the input amplification stage associated
with the first filter stage so that the input amplification stage associated with the first
filter stage has an amplification factor that results in a signal strength at its signal
output which avoids saturation of the first filter stage and avoids the first filter stage
providing a signal having less than the minimum acceptable signal to noise ratio; and

for providing a gain control signal to the gain control input of the output amplification

 stage associated with the first filter stage so that the output amplification stage

associated with the first filter stage has an amplification factor which is the reciprocal
of the amplification factor of the input ampliﬁcation stage associated with the first
filter stage, the gain control unit being thereafter responsive to signals provided
initially by the stréngth detector indicative of the first filter stage of the main filter

approaching saturation or providing an outpuf having less than the minimum

" acceptable signél to noise ratio, and to a signal from the zero crossing detector

indicating that an output signal at the output of a successive filter stage, if any, being

, approximately equal to zero for providing a gain control signal to the gain control

input of the inpuf amplification étage associated with the successive filter stage so that

 the input amplification stage associated with the successive filter stage has an

amplification factor that results in a signal strength at its signal output that avoids
saturation of the successive filter stage and avoids the successive filter stage providing
a signal having less than the minimum acceptable signal to noise ratio, and for

providing a gain control signal to the gain control input of the output amplification
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stage associated with the successive filter stage so that the output amplification stage

associated with the successive filter stage has an amplification factor which is a

reciprocal of the amplification factor of the input amplification stage associated with

‘the successive filter stage.

2. An active filter system according to claim 1, wherein the at least one
filter stage of the main filter comprises a first filter stage and a second filter stage, and
the zero crossing detector comprising: '

a switching unit having a first signal input coupled to the output of the
first filter siage, a second sigﬁal input coupled to the output of the second filter stage,
a switch control input, and a signal output, the switching unit being responsive to a
first switch control signal received by the switch control terminal for connecting the
first signal input to the signal output and disconnecting the second signal input from
the signal output, and being responsive to a second switch control signal received by
the switch control terminal for connecting the second signal input to the signal output
and disconnecting the first signal input from the signal output;

5. corﬂparator having a signal ini)ut coupled to the signal output of the
switching unit, and a signal output for providing an output signal, the comparétor
providing a first logical signal on the signal output if the signal received at the signal
input is approximately equal to zero, and providing a second logical signal on the
signal output if the signal received at the signal input is not approximately equal to
zero; and

a three-stage shifi register having a clock input coupléd to the signal
output of the comparator, a reset/enable input, a first stage output, a second stage
oxitput and a third stége output, the shift register being responsive to a first logical
sigﬁal received at the reset/enable input for producing a first logical signal at the first
stage output, a second logical signal at the second stage output and a second logical
signal at the third stage output, and being responsive to receiving the second logical °
signal at the reset/enable inpﬁt and a signal changing from the second logical signal to
the first logical signal at the clock input while having the first logical signal at the first
stage output, the second logical signal at the second stage output and the second
logical signal at the third stage output for providing the second logical signal at the
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first stage output, the first logical signal at the second stage output and the second
logical signal at the third stage output, the shift register being responsive to the first
logical signal received at the reset/enable input and a signal changing from the second
logical signal to the first logical signal at the clock input while having the second
logical signal at the first stage output, the first logical signal at the second stage output
and the second logical signal at the third stage output for providing the second logical
signal at the first stage output, the second logical signal at the second stage output and
the first lo gical signal at the third stage output, and being responsive to the first
logical signal received at the reset/enable input and a signal changing from the second
logicai signal to the first logical signal at the clock input while having the second
logical sigi;al at the first stage output, the second logical signal at the second stage
output and the first logical signal at the third stage output for providing the second
logical signal at the first stage output, the second logical signal at the second stage
output and the first logical signal at the third stage output, and wherein the first stage
output, the second stage output and the third stage output are the output signals of the
zero crossing detector provided to the ggin control unit, and the first stage output is

also the switch control terminal of the switching unit.

3. The active filter system of claim 2, wherein the gain control unit has a
first zero cross input coupled to the first stagé output-of the shift register and the
switch control input of the switching unit, a second zero cross input coupled to the
second stage output of the shift register, a third zero cross input coupled to the third
stage output of the shift register, a reset/enable output for providing a reset/enable
signal to the reset/enable input of the shift register, a first gain control output terminal,
a second gaih control output terminal, a third gain control output terminal, a fourth
gain control output terminal and a fifth gain control output terminal;

the gain control unit being responsive to receiving a first signal from
the strength detector indicative of the first filter stage providing a signal having less

. than the minimum acceptable signal to noise ratio when the first gain control terniinal

is providing a second logical signal, the second gain control terminal is providing the
second logical signal, the third gain control terminal is providing the second logical
signal, the fourth gain control terminal is providing a first logical signal and the fifth
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gain control terminal is providing the second logical signal, for providing the second
logical signal on the reset/enable output, and being thereafter responéive to receiving
the second logical signal on the first zero cross input, the first logical signal on the
second zero cross input and the second logical signal on the third zero cross input for
providing the second logical signal on the reset/enable output, the second logical
signal on the first gain control output terminal, the first logical signal on the second
gain control output terminal, the secoﬁd logical signal on the third gain control output -
terminal, the second logical signal on the fourth gain control output terminal and the
first logical signal on the fifth gain control output terminal, and being thereafter
responsive to receiving the second logical signal on the first zero cross input, the
second logical signal on the second zero cross input and the first logical signal on the
third zero cross input for providing the second logical signal on the reset/enable
output, the first logical signal on the first gain control output terminal, the second
logical signal on the second gain control output terminal, the second logical signal on
the third gain control output terminal, the first logical signal on the fourth gain control

output terminal and the second logical signal on the fifth gain control output terminal;

the gain control unit being responsive to receiving a signal from the
signal strength detector indicative of the first filter stage providing a signal having
less than the minimum acceptable signal to noise ratio while the first gain control
output terminal is providing the first logical signal, the second gain control output
terminal is providing the second logical signal, the third gain control output térrhinal
is providing the second logical signal, the fourth gain control output terminal is
providing the first logical signal and the fifth gain control output is providing the

.second logical signal, for providing after a particular time delay the second logical

signal on the reset/enable output, and being thereafter responsive to receiving the
second logical signal on the first zero cross input, the first logical signal on the second

zero cross input and the second logical signal on the third zero cross input for

. providing the second logical signal on the reset/enable output, the second logical

signal on the first gain control output terminal, the first logical signal on the second
gain control output terminal, the first logicai signal on the third gain control output

_terminal, the second logical signal on the fourth gain control output terminal and the
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second logical signal on the fifth gain control output terminal, and being thereafter
responsive to receiving the second logical signal on the first zero cross input, the
second logical signal on the second zero cross input and the first logical signal on the
third zero cross input for providing the second logical signal on the reset/enable
output, the second logical signal on the first gain control output terminal, the first
logical terminal on the second gain control output terminal, the second logical signal
on the third gain control output terminal, the first logical signal on the fourth gain
control output terminal and the second logical signal on the fifth gain control output
terminal; - | _

the gain control unit being responsive to receiving a signal from the
strength detector indicative of the first filter stage approaching saturation while the
first gain control output is providing the second logical signal, the second gain control
output is providing the first logical signal, the third gain control output terminal is

providing the second logical signal, the fourth gain control output is providing the

second logical signal and the fifth gain control output terminal is providing the second
logical signal, for providing after a particular time delay the second logical signal on
the reset/enable output, and being thereafter responsive to receiving the second lo gical
signal on the first zero cross input, the first logical signal on the second zero cross
input and the second logical signal on the third zero cross input for providing the
second logigal signal on the reset/enable output, the second logical signal on the first
gain control output terminal, the sécond logical signal on the second gain control
output terminal, the first logical signal on the third gain control outpﬁt terminal, the
second lo gi;:él signal on the fourth gain control output terminal and the second logical
signal on the fifth gain control output terminal, and being thereafter responsive to
receiving the second logical signal on the first zero cross input, the second logical
signal on the second zero cross input and the first logical signal on the third zero cross
input for providing the second logical signal on the reset/enable output, the second
logical signal on the first gain control output terminal, the second logical signal on the
second gain control output terminal, the second logical signal on the third gain control
outf»ut terminal, the first logicail signal on the fourth gain control output terminal and
the second logical signal on the fifth gain control output terminal, and wherein:
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the gain control input of the input amplification stage associated with -
the first filter stage comprises a first gain control terminal and a second grain control
terminal, the first gain control terminal of the input amplification stage associated
with the first filter stage of the main filter being coupled to the first gain control
output terminal of the gain control unit, and the second gain control terminal of the
input amplification stage associated with the first filter stage of the main filter is
coupled to the second gain control output terminal of the gain control unit, the input
amplification stage associated with the first filter stage being responéive to recéiving
the second logical signal on its first gain coﬁtrol terminal and the second logical signal
on its second gain control terminal for amplifying the input signal by a first
amplification factor, and being responsive to recéiving the second logical signal on
the first gain control terminal and the first logical signal on the second gain control
terminal for amplifying thé input signal by a second amplification factor which is
greater than the first amplification factor, and being responsive to receiving the first
logical signal on the first gain control terminal and the second logical signal on the
second gain control terminal for amplifying the input signal by a third amplification
factor which is greater thaﬁ the second amplification factor;

the gain control input of the output amplification stage associated with
the first filter stage comprises a first gain control terminal and a second gain control
terminal, the first gain control terminal of the output amplification stage associated
with the first filter stage being coupled to the first gain control output terminal of the
gain control unit, the second gain control terminal of the output amplification stage

associated with the first filter stage is coupled to the second gain control output

terminal of the gain control unit, the output amplification stage associated with the

first filter stage being responsive to receiving the second logical signal on'its first gain
control terminal and the second logical signal on its second gain contro} terminal for
amplifying a signal provided by the output of the first filter stage by the third
amplification factor, and being responsive to receiving the second logical signal on its
first gain control terminal and the first logical signal on its second gain control
terminal for amplifying the signal provided by the output of the first filter stage by the

second amplification factor, and being responsive to receiving the first logical signal
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on the first gain control terminal and the second logical signal on the second gain
control terminal for amplifying the signal provided by the output of the first filter
stage by the first amplification factor;

the gain control input of the iﬂput amplification stage associated with
the second filter stage comprises a third grain control terminal and a fourth gain
control terminal, the third gain control terminal of the input amplification stage
associated with \the second filter stagé being coupled to the third gain control output
terminal of the gain oontfol unit, and the fourth gam control terminal of the input
amplification stage associated with the second filter stage is cbu_pled to the fourth gain
control output terminal of the gain control unit, the input amplification stage
associated with the second filter stage being responsive to receiving the first logical

signél on its third gain control terminal and the second logical signal on its fourth gain

‘control terminal for amplifying a signal provided by the output of the first filter stage

by a fourth amplification factor, and being responéive to receiving the second logical

signal on its third gain control terminal and the first logical signal on its fourth gain

control terminal for amplifying the signal provided by the output of the first filter

stage by a fifth amplification factor which is greater than the fourth amplification
factor, and being responsive to receiving the first logical signal on its third gain
control terminal and the second logical signal on its fourth gain control terminal for
amplifying the signal provided by the output of the first filter stage by a sixth
amplification factor which is greater than the fifth amplification factor; and

the gain control input of the 6utput amplification stage associated with

the second filter stage comprises a fourth gain control terminal and a fifth gain control

. terminal, the fourth gain control terminal of the output amplification stage associated

with the second filter stage being coupled to the fourth gain control output terminal of
the gain control unit, the fifth gain control terminal of the amplification stage
associated with the second filter stage being coupled to the fifth gain control unit, the
output amplification stage associated with the second filter stage being responsive to
receiving the second logical signal on its fourth gain control terminal and the second
logical signal on its fifth gain control terminal for amplifying a signal provided by the
output of the second filter stage by the fourth amplification factor, and being

60

IPR2024-00816
Apple EX1002 Page 156

IPR2023-00818
Theta EX2019



.WO 02/056558 ) PCT/US02/04668

10

15

20

25

responsive to receiving the second logical signal on its fourth gain control terminal
and the first logical signal on its fifth gain control terminal for amplifying the signal
provided by the output of the second filter stage by the sixth amplification factor, and
being responsive to receiving the first logical signal on its fourth gain control terminal

" and the second logical signal on its fifth gain control terminal for amplifying the
'signal provided by the output of the second filter stage by the fifth amplification

- factor.

4. The active filter system of claim 3; wherein the signal strength detector

comprises:

a peak detector having an input coupled to the output of the first filter
stage of the main filter and an output, the peak detector detecting a voltage envelope
peak of the signal provided by the output of the first filter stage and providing a signal

representative of the voltage envelope peak at its output;

a first threshold detector having an input coubled to the output of the
peak detector and an output, the first threshold detector comparing the signal provided
by the peak detector with a first threshold representative of a signal strength at the
input of the ﬁfs; filter stage that would cause the first filter stage to approach
saturation, the first threshold detector providing the first logical signal at its output if
the signal received from the peak detector is less than the first threshold, and
providing the second logical signal at its output if the signal received from the peak
detector is greater than or equal to the first threshold; and .

a second threshold detector having an input coupled to the output of
the peak detector and an output, the second threshold detector comparing the signal
from the peak detector with a second threshold representative of an input signal
strength at the input of the first filter stage that would cause a signal provided by the
output of the first filter to have less than a minimum acceptable signal to noise ratio,
the second threshold detector providing the first logical signal at its output if the
signal from the peak detector is greater than or equal to the second threshold, and for
providing the second logical signal at its output if the signal from the peak detector is
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less than the second threshold, wherein the output of the first threshold detector and

the output of the second threshold detector comprise the first and second outputs of
the strength detector, respectively. ’

5. The active filter system of claim 3, wherein the first filter stage
comprises a first integrator having an input and an output, and the second filter stage

comprises a second integrator having an input and an output.

6. The active filter system of claim 2, wherein the input of the output

amplification stage associated with the second filter stage is coupled to the output of

. the second filter stage, and the output of the output amplification stage associated with

the second filter stage is coupled to the signal input of the input amplification stage
associated with the second filter stage, and wherein the signal output of the output
amplification stége associated with the first filter stage is coupled to the system
output.

7. The active filter system of claim 2, wherein the input amplification
stage associated with the first filter stage includes circuitry for clamping an output
signal providéd by the input amplification stage so as to prevent saturation of the first
filter stage. ' »

8. The active filter system of claim 2, wherein the input amplification

stage associated with the second filter stage includes circuitry for clamping an output

signal provided by the input amplification stage so as to prevent saturation of the
second filter stage. »

9. The active filter system of claim 6, wherein the output amplification
stage associated with the second filter stage includes circuitry for clamping an output
signal provided by the output amplification stage so as to prefrent saturation of the
second filter stage. '

10.  An active filter systeni according to claim 5, wherein the input
amplification stage associated with the first filter stage includes: a first resistor; a

second resistor; a third resistor; a fourth resistor; a capacitor; a first switch having a
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. first terminal, a second terminal and a switch control terminal; a second switch having

a first terminal, a second terminal and a switch control terminal; and an operational
amplifier having an inverted input, a normal input and an output, the first resistor
being connected between the system input and the inverting input of the operational
amplifier, the second resistor being connected between the system input and the first
terminal of the first switch, the third resistor being connected between the system
input and the first terminal of the second switch, the second terminal of the first
switch being coupled to the inverting input of the operational amplifier, the second
terminal of the second switch being coupled to the inverting input of the operational
amplifier, the fourth resistor beihg coupled between the output and the inverting input
of the operational ampliﬁer, the capacitor being coupled between the output and the
inverting input of the operational amplifier, the normal input of the operational
amplifier being coupled to ground, the switch contro] terminal of the first switch
being coupled to the second gain control terminal, the swiich control terminal of the
second switch being coupled to the first gain control terminal, wherein each of the
first switch and the second switch is responsive to receiving the first logical signal on
its switch contro] terminal for connecting its first terminal to its second terminal, and
is responsive to receiving the second logical signal on its switch control terminal for

disconnecting its first terminal from its second terminal.

11.  The active filter system of claim 10, wherein the first resistor has a
resistance of 200 kQ, the second resistor has a resistance of 22.22 kQ, the third
resistor has a resistance of 2.02 kQ has a resistance of 20 kQ, and the capacitor 80 pF.

12.  The active filter system of claim 5, wherein the first integrator

" comprises: a resistor; a capacitor; and an operational amplifier having an inverting

input, a normal input and an output, the resistor being coupled between the output and
the inverting input of the operational amplifier, the capacitor being coupled between
the output and the inverting input of the operatioﬁal amplifier, the normal input of the
operatioﬁal amplifier being coupled to ground, the inverting input of the operational
amplifier being coupled to the input of the first integrator, and the output of the
operational amplifier being coupled to the output of the first integrator.
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13.  The active filter system of claim 12, wherein the resistor has a

resistance of 20 kQ and the capacitor has a capacitance of 80 pF.

14.  The active filter system of claim 5, wherein the output amplification
stage associated vs;ith‘the first filter stage comprises: a first resistor; a second resistor;
a third resistor; a fourth resistor; a first switch having a first terminal, a second
terminal and a switch control terminal; a second switch having a first terminal, a
second terminal and a switch control terminal; and an operational amplifier having a
normal input,'an inverting input and an output, the first resistof being coupled
between the output of the first integrator and the inverting input of the operational
amplifier, the second resistor being coupled between the output and the inverting
input of the operational amplifier, the third resistor being coupled between the
inverting input of the operational amplifier and the first terminal of the first switch,
the fourth resistor being coupled between the inverting input of the operational
amplifier and the first terminal of the second switch, the second terminal of the first
switch beiilg coupled to the output of the operational amplifier, the second terminal of
the second switch being coupled to the output of the operational ampliﬁer; the normal
input of the operational amplifier being coupled to ground, the switch control terminal
of the first switch being coupled fo the second gain control input terminal and the
switch control terminal of the second switch being coupled to the first gain control
terminal, wherein each of the first switch and the second switch is responsive to
receiving the first logical signal on its switch control terminal for connecting its first
terminal to its second terminal, a1_1d is responsive to receiving the second logic‘al
signal on its switch control terminal for disconnecting its first terminal from its

second terminal.

15. . The active filter system according to claim 14, wherein the first resistor

‘ has a resistance of 20 kQ, the second resistor has a resistance of 200 kQ, the third

resistor has a resistance of 22.22 kQ and. the fourth resistor has a resistance of 2.02
kQ. '

16.  The active filter system of claim 5, wherein the input amplifier stage

associated with the second filter stage comprises: a first resistor; a second resistor; a
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third resistor; a capacitor; a first switch having a first terminal, a second terminal and -
a switch control terminal; a second switch having a first terminal, a second terminal
and a switch control terminal; and an operational amplifier having a normal input, an
inverting input and an output, the first resistor being coupled between the output of
the first integrator and the inverting input of the operational amplifier, the second
resistor being coupled between the output of the first integrator and the first ternﬁnal
of the first switch, the third resistor being coupled between the output of the first

- integrator and the first input of the second switch, the second terminal of the first

switch being coupled to the inverting input of the.voperational amplifier, the second
terminal of the second switch being coupled to the inverting input of the operational
amplifier, the capacitor being coupled between the output and the inverting input of
the operational -amplifier, the normal input of the operational amplifier being coupled
to ground, the switch control terminal of the first switch being coupled to the fourth
gaih control terminal and the switch control terminal of the second switch being '
coupled to the third gain control terminal, wherein each of the first switch and the
second switch is responsive to receiving a first logical signal on its switch control
terminal for connecting its first terminal to its second terminal, and is responsive to
receiving the second logical signal on its switbh control terminal for disconnecting its

first terminal from its second terminal.

17. The active filter system of claim 16, wherein the first resistor has a
resistance of 10 kQ, the second resistor has a resistance of 1.01 k€, the third resistor
has a resistance of .10 kQ and the capacitor has a capacitance of 80 pF.

18.  The active filter system of claim 5, wherein the second integrator
comprises a capacitor, and an operational amplifier having a normal input, an
inverting input and an output, the capacitor being coupled between the output and the
inverting input of the operational amplifier, the inverting input of the operational -
amplifier being coupled to the inpuf of the second integrator, the output of the
operational amplifier being coupled to the output of the second integrator, the normal
inpnt of the operational é.mpliﬁer being coupled to ground. “
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19.  The active filter system of claim 6, wherein the output amplification
stage associated with the second filter stage comprises: a first resistor; a second
resistor; a third resistor; a fourth resistor; a fifth resistor; a sixth resistor; a capacitor; a
first switch having a first terminal, a second terminal and a switch control terminal; a
second switch having a first terminal, a second terminal and a switch control terminal;
a first operational amplifier having a normal input, an inverting input and an output;
and a second operational amplifier having a normal input, an inverting input and an

output, the first resistor being coupled between the output of the second integrator and

‘the inverting input of the first operational amplifier, the second resistor being coupled

between the output and the inverting input of the first operational amplifier, the third
resistor being coupled between the output of the first operational amplifier and the
inverting input of the second operational amplifier, the fourth resistor being coupled
between the inverting input of the second operational amplifier and the first terminal
of the first switch, the fifth resistor being coupled bétween the inverting input of the
second operational amplifier and the first terminal of the second switch, the second
terminal of the first switch being coupled to the output of the first operational
amplifier, the second terminal of the second switch being coupled to the output of the
first operational amplifier, the normal output of the first operational amplifier being
coupled to ground, the sixth resistor being coupled between the output and the
inverting input of the second operational amplifier, the capacitor being coupled
between the oﬁtput and the inverting input of the second operational amplifier and the
normal inpﬁt of the second operational amplifier being coupled to ground, wherein
each of the first switch and the second switch is responsive to receiving the first
logical signal on its switch control terminal for connecting its first terminal to its

second terminal, and is responsive to receiving the second logical signal on its switch

~ control terminal for disconnecting its first terminal from its second terminal.

20.  The active filter system of claim 19, wherein the first resistor has a
resistance of 10 kQ, the second resistor has a resistance of 10 kQ, the thﬁd resistor
has a resistance of 10 kQ, the fourth resistor has a resistance of 1.11 k<, the fifth
resistor has a resistance of .10 kQ, the sixth resistor has a resistance of 20 k€2, and the

capacitor has a capacitance of 80 pF.
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21, The active filter system of claim 4, wherein the gain control unit
comprises a multiple state logic circuit responsive to the signals provided by the first
and second threshold detectors of the strength detector, and the signals received at the
first zero cross input, the second zero cross input and the third zero cross input for

5. deriving respective signals on the first gain control output terminal, the second gain
control output terminai, the third gain control output terminal, the fourth gain control
output terminal and the fifth gain control output terminal.
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ACTIVE FILTER CIRCUIT WITH DYNAMICALLY MODIFIABLE GAIN
SPECIFICATION
This application claims priority to U.S. Provisional Application Serial
Number 60/260,722 filed January 10, 2001, and U.S. Provisional Application Serial

* Number 60/288,976 filed May 4, 2001, each of which is incorporated by reference

herein in its entirety. _
BACKGROUND OF THE INVENTION

The present invention relates to signal processors and, more
particularly, to signal processors that are dynamically modifiable for optimal
performance and reduced power dissipation.

In order to expand the dynamic range of a signal processing system,
companding signal processors can be used. A companding signal processor uses an
input amplifier to amplify or attenuate a signal before it is provided to the signal
processor, and an output amplifier is used to amplify or attenuate the signal provided
by the signal processor. A signal processor or signal processing circuit includes an
active filter. The gain of the output amplifier is the inverse of the gain of the input
amplifier, thus conserving the overall gain of the signal processor. Ideally, the gains
of the input amplifier and output amplifier can be varied dynamically. A signal
strength detector can be used to measure the strength of the input signal and provide a
corresponding gain control signal. See'Y. Tsividis, "Externally linear, time-invariant
systems and their application to companding signal processors,"” IEEE Transactions
on Circuits and Systems II, Vol. 44, No. 2, February 1997. The gain control signal
sets the amplification factors of the input amplifier and the output amplifier.
Howevér, this approach has the problem in that because the signal processor has
memory, distortion in the output of the signal processor occurs whenéver the
amplification factors of the input amplifier and the output amplifier are changed.

The analog floating point techxiique addresses the problem of distortion
in the output whenever the amplification factors change. See E. Blumenkrantz, "The
analog floating point technique," Proc. IEEE Symposium on Low Power Electronics,
p. 72-73, 1995. This technique avoids distortion by altering the state variables of the
signal processor when the amplification factors change. However, implementation of
the analog floating point technique is complicated, and is sensitive to parasitics and

component mismatch. Accordingly, there is a need for circuits which expand the
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dynamic range of a signal processor without interrupting the output of the system or

‘causing distortion.

SUMMARY OF THE INVENTION

It is therefore an object of this invention to provide a circuit which has_

a large dynamic range and which operates in an energy-efficient manner without
interrupting the output of the circuit or causing distortion.

In accordance with the present invention, there is provided an active

*filter system including a system input for receiving a system input signal, a system

output for providing a system output signal, a first input gain circuit, a first filter
circuit, a first output gain circuit, a second input gain circuit, a second filter circuit, a
second output gain circuit and a signal adding circuit. The ﬁfst input gain circuit
having a signal inpuit coupled to the system input for receiving the‘system input
signal, a gain control input and an output for providing a first amplified system input
signal, the first input gain circuit being responsive to a first gain control signal '
received by the gain control input for amplifying the system input signal by a first
amplification factor to obtain the first amplified system input signal, and being
responsive to a second gain control signal received by the gain control input for -
amblifying the system input signal by a second amplification factor to obtain the first
amplified system input signal. The first filter circuit having an input coupled to the
outpuf of the first input gain circuit, and an output, the first filter circuit being
responsive to the first amplified system input signal received at its input for providing
a first processed signal at its output. The first output gain circuit having a signal input
coupled to the output of the first filter circuit for receiving the first processed signal, a
gain control input and an output for providing a first amplified processed signal, the
first output gain circuit being responsive to the first gain control signal received by its
gain control input for amplifying the first processed signal received at its signal input
by a third amplification factor to obtain the first amplified processed signal and
responsive to a secohd gain control signal received by its gain control input for
amplifying the first processed output signal received at its signal input by a fourth
amplification factor to obtain the first amplified processed signal. The second inpﬁt
gain circuit having a signal input coupled to the system input for receiving the system

input signal, a gain control input, an output control input, and an output for providing
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a second amplified system input signal, the second input gain circuit being resbonsive
to the first gain control signal received by its gain control input for amplifying the
system input signal by the first amplification factor to obtain the second amplified
system input signal and being responsive to the second gain control signal received by

its gain control input for amplifying the system input signal by the second

amplification factor to obtain the second amplified system input signal, and the

second input gain circuit being responsive to a first output control signal received by
its output control input for providing the second amplified system input signal to its
outpﬁt and responsive to a second outpﬁt control signal for causing its output to be an -
open circuit. The second filter circuit having an input coﬁpled to the output of the
second input gain circuit, and an output, the second signal processing circuit being
responsive to the second amplified system input signal received by its input for
providing a second processed signal at its output. The second output gain circuit
having a signal input coupled to the output of the second filter circuit for receiving the
second processed signal, a gain control input, a polarity control input, an output
control input, and an oﬁtput for providing one of an auxiliary output signal and
ground, the second output gain circuit being reSponsi_ve to a third gain control signal
received by its gain control input for amplifying the second processed signal by a fifth
amplification factor to obtain an amplified second prodessed- signal, and being
responsive to a fourth gain conu'él signal received by its gain control.input for
amplifying the second proéessed signal by a sixth amplification factor to obtain the
amplified second processed signal, the second output gain circuit being responsive to
a first polarity gain control signal received by its polarity control input for inverting
the amplified second processed signal to obtain the auxiliary output signal, and being
responsive to a second polarity gain control signal received by its polarity control
input for amplifying the amplified second processed signal by a unity gain to obtain
the auxiliary output signal, the second output gain circuit being responsive to a first
output control signal received by its output control input for connecting its output to
ground, and being responsive to a second odtput control signal received by its output
control input for providing the auxiliary output signal at its output. The signal adding
circuit having a first input coupled to the output of the first output gain circuit, a
second input coupled to the output of the second output gain circuit, and an output

coupled to the system output, the signal adding circuit combining the first amplified
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processed signal provided by the output of the first output gain circuit, and one of the
auxiliary output signal and ground provided by the output of the second output gain
circuit to provide the system output signal at the output of the signal adding circuit.
According to another embodiment of the invention, there is provided
an active filter system including a system input for receiving a system input signal, a
system output for providing a system output signal, a first input gain circuit, a first
filter circuit, a second input gain circuit, a second filter circuit, a signal adding circuit,
a first output gain circuit. The first input gain circuit having a signal input coupled to
the systenﬂ input for re;:eiving the system input signal, a gain control input and an
output for providing a first amplified system input signal, the first input gain circuit
being responsive to a first gain control signal received by the gain control input for
amplifying the system input signal by a first amplification factor to obtain the first
amplified system input signal and responsive to a second gain control signal received
by the gain control input for amplifying the system input signal by a second
amplification factor to obtain the first amplified éystem input signal. The first filter
circuit having an input coupled to the output of the first input gain circuit and an
output, the first filter circuit being responsive to a first amplified system input signal
received at its input for providing a first pmcéssed signal at its output. The second
input gain circuit having a signal input coupled to the system input for receiving the
system input signal, a gain control input, an output control input and an output for 7
providing a second amplified syStem input signal, the second input gain circuit being
responsive to the first gain control signal received by its gain control input for
amplifying the system input signal by the first amplification factor to obtain the
second amplified system input signal and responéive to the second gain control signal
received by its gain control input for amplif&ing the system input signal by the second
amplification factor to obtain the second amplified system input signal, the second
input gain circuit being responsive to a first output control signal received by its
output control input for providing the second amplified system input signal to its
output and responsive to a second output control signal for causing its output to be an
open circuit. The second filter circuit having a signal input coupled to the output of:
the second input gain circuit, a gain control input and an output for providing a second
amplified processed signal, the second filter circuit being responsive to the second

amplified system input signal received by its input for providing a second processed
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signal, and being responsive to a third gain control signal receiyed by its gain control
input for amplifying the second processed signal by a fifth amplification factor to
obtain the second amplified processed signal and being responsive to a fourth gain
control signal received by its gain control input for amplifying the second processed
signal by a sixth amplification factor to obtain the second amplified processed signal.
The signal adding circuit having a first input coupled to the output of the first filter
circuit, a second input coupled to the output of the second filter circuit and an output
for providing a combined processed signal, the signal adding circuit combining the
first processed butput signal provided by the output of the first filter circuit and the
second amplified processed signal provided by the output of the second filter circuit
to provide the combined processed signal. The first output gain circuit having a
signal input coupled to the output of the signal adding circuit, a gain control input and
an output coupled to the system output, the first output gain circuit being responsive
to the first gain control signal received by its gain control input for amplifying the
combined processed signal received at its signal input by a third amplification factor

to obtain the system output signal at its output and being respdnsive to a second gain

control signal received by its gain control input for amplifying the combined

processed signal received at its signal input by a fourth amplification factor to obtain
the system output signal at its output. ‘
‘According to another embodiment of the invention, there is provided a

filter system including a system input for receiving a system input signal, a system

-output for providing a system output signal, a first input gain circuit, a first filter

circuit, a second input gain circuit, a second filter circuit, a signal adding circuit, a

_ first output gain circuit, and a signal switching circuit. The first input gain circuit

having a signal input coupled to the system input for receiving the system input
signal, a gain control input and an output for providing a first amplified system input
signal, the first input gain circuit being responsive to a first gain control signal
received by the gain control input for amplifying the system input signal by a first
amplification factor to obtain the ﬁrst amplified system input signal and responsive to
a'second gain control signal received by the gain control input for amplifying the .
system input signal by a second amplification factor to obtain the first amplified
system input signal. The first filter circuit having an input coupled to the output of

the first input gain circuit, a first output for providing a first processed signal, and a
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second output for providing a buffered first processed signal, the first filter circuit
being responsive to a first amplified system input signal received at its input for
providing the first processed signal at its first output, and for providing the buffered
first processed signal at its second output. The second input gain circuit having a
signal input coupled to the system input for receiving the system input signal, a gain
control input, an output control input and an output for producing a second amplified
system input signal, the second input gain circuit being responsive to the first gain
control signal received by its gain control input for amplifying the system input signal
by the first amplification factor to obtain the second amplified system input signal and
being responsive to the second gain control signal received by its gain control input
for amplifying the system input signal by the second amplification factor to obtain the
second amplified system input signal, and the second input gain circuit being
responsive to a first output control signal received by its output control input for

providing the second amplified system input signal to its output and being responsive

" to a second output control signal received by its output control input for causing its

output to be an open circuit. The second filter circuit ha{'ing a signal input coupled to
the output of the second input gain circuit, a gain control input and an output for
providing a second amplified processed signal, the second filter circuit being
responsive to the second amplified system input signal received by its input for
providing a second processed signal, and being responsi.vc to a third gain control
signal received by its gain control input for amplifying the second processed signal by
a fifth amplification factor to obtain the second amplified processed output signal and
being résponsive to a fourth gain control signal received by its gain control input for
amplifying the second processed signal by a sixth amplification factor to obtain the
second amplified processed output signal: The signal adding circuit having a first
input coupled to the first output of the first filter circuit, a second input coupled to the

output of the second filter circuit and an output for providing a combined processed

-signal, the signal adding circuit combining the first processed output signal provided

by the output of the first filter circuit and the second amplified processed signal

_ provided by the output of the second filter circuit to provide the combined processed

signal. The first output gain circuit having a signal input coupled to the output of the
signal adding circuit, a gain control input and an output for providing an amplified

combined processed signal, the first output gain circuit being responsive to the first

6
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gain control signal received by its gain control input for amplifying the combined
processed signal received at its signal input by a third amplification factor to obtain

.the amplified combined processed signal and being responsive to a second gain

control signal received by its gain control input for amplifying the combined
processed signal received at its.signal input by a fourth amplification factor to obtain
the amplified combined processed signal. The signal switching circuit having a first
signil input coupled to the output of the first output gain circuit, a second signal input
coﬁpled to the second output of the first filter circuit, a switch control input and an
outpﬁt coupled to the system output, the signal switching circuit being responsive to
receiving a first switching signal at the switch control input for providing the
amplified combined processed signal received at the first signal input to the output,
and being responsive to receiving a second switching signal at the switch control
input for providing the buffered first processed output signal received at the second

signal input to the output.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects, features, and advantages of the invention will become

apparent from the following detailed description taken in conjunction with the
accompanying figures showing iilustrative embodiments of the invention, in wh_ich:

Fig. 1 is a block diagram illustrating a pribr art signal processing -
system;

| Fig. 2 is a block diagram illustrating a signal processing system in

accordance with the present invention; \

Fig. 3 is a circuit diagram illustrating a main filter input gain unit in
accordance with the present invention;

Fig. 4 is a circuit diagram illustrating a main filter in accordance with
the present invention; ‘ '

Fig. § is a circuit diagram illustrating a main filter output gain unit in
accordance with the present invention; ' »

Fig. 6 is a circuit diagram illustrating an auxiliary filter input gain unit
in accordance with the present invention: '

Fig. 7 is a circuit diagram illustrating an auxiliary filter output gain

unit in accordance with the present invention;
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Fig. 8 is a circuit diagram illustrating a signal adder in accordance with
the present invention;

Fig. 9 is a block diagram illustrating a strength detector in accordance
with the present invention;

Fig. 10is a circuit diagram illustrating a peak detector in accordance
w1th the present invention; '

- Fig. 11 is a circuit diagram illustrating a threshold detector in

accordance with the present invention; '

an 12 is a circuit diagram illustrating a gain control unit in -

" accordance with the present invention;

Fig. 13 is a circuit diagram illustrating a transconductor in accordance
with the present invention;

' Fig. 14 is a circuit diagram illustrating an on/off transconductor in
accordance with the present invention;

Fig. 15 is a block diagram illustrating a signal processing system in
accordance with the present invenﬁoﬂ;

Fig. 16 is a circuit diagram illustfating a modified auxiliary filter in
accordance with the present invention; .

Fig. 17 is a block diagram illustrating a signal processing system in
accordance with the present invention; .

Fig. 18 is a circuit diagram illustrating a multi-output main filter in
accordancé with the present invention;

Fig. 19 is a circuit diagram illustrating a comparison circuit in
accordance with the present invention; and

Fig. 20 is a circuit diagram illustrating a switching unit in accordance
with the present invention,

Throughout the figures, unless otherwise stated, the same reference
numerals and characters are used to denote like features, elements, components, or
portions of the illustrated embodiments. Moreover, while the subject invention will
now be described in detail with reference to the figures, and in coﬁnection with the
illustrative embodiments, various changes and modifications to the described
embodiments will be apparent to those skilled in the art without departing from the

true scope and spirit of the subject invention as defined by the appended claims. ‘

IPR2024-00816
Apple EX1002 Page 186

IPR2023-00818
Theta EX2019



WO 02/056470 ’ PCT/US02/04669

10

15

20

25

30

DETAILED DESCRIPTION-OF THE INVENTION
Figure 1 illustrates an example of a prior art signal processing system

10. The siéna] processing system 10 is a companding filter. A companding filter
amplifies or attenuates an input signal that is applied to a filter circuit, and attenuates
or amplifies the output signal from the circuit. The prior art companding filter 10
includes an input 12, a signal strength detector 14, an input variable gain amplifier 16,
amain filter 18, an outpt'xt variable gain amplifier 20, and an output 22.

' The input 12 of the signal processing system 10 is coupled to input 11
of the signal strength detector 14 and an input 30 of an input variable gain amplifier

16. The input variable gain amplifier 16 amplifies or attenuates the signal received by

. the input 30 depending on a gain control input signal received at a gain control input

13 of the input variable gain amplifier 16 and outputs the resultant signal at its output
15. The ohtput 15 of the input variable gain amplifier 16 is cdupled to input 17 of a
main filter 18. The main filter 18 processes the signal received at its input 17 and
produces a processed output signal at its output 19. The output 19 of the main filter
18 is coupled to input 21 of an output variable gain amplifier 20. The output variable
gain amplifier 20 amplifies or attenuates the signal received at its input 21 depending
on a gain control signal received at a gain control input 23 of the output variable gain
amplifier 20 and outputs the resultant signal at its output 24. The gain of the output
variable gain amplifier 20 is the inverse of the gain of the input variable gain
amplifier 16. The output 24 of the output variable gain arhpliﬁer 20 is connected to
the output 22 of the signal processing system 10. ,

The signal strength detector 14 measures the strength (e.g., the voltage
envelope) of the signal applied to the input 11 of the signal strength detector 14 and
outputs a gain control signal at its output 25, which is connected to the gain control
inputs 13 and 23 of the input variable gain amplifier 16 and the output variable gain
amplifier 20, respectively. Depending on the strength of the signal at the input 11 of
the signal strength detector 14, different gain control signals are provided at the output
25 of the signal strength detector 14. If the signal applied to the iﬁput 11 of the signal
strength detector 14 is small, the gain control signal causes the input variable gain
amplifier 16 to have grelatively‘high gain, thereby causing the signal applied to the
input 12 of the signal processing system 10 to be amplified before it is applied to the
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main filter 18, such that the signal is large compared to the filter noise, i.e. the ndise-
generated by the filter. If the signal applied to the input 11 of the signal strength
detector 14 is large, the gain control signal causes the input variable gain amplifier 16
to have a relatively low gain, thereby causing the signal applied to the input 12 of the
signal processing system 10 to be slightly amplified or even attenuated before it is
applied to the main filter 18 to avoid saturating the main filter 18.

Fig. 2 illustrates a signal proceésing system 100. The signal processing
system 100 includes a system input 102, a main filter input gain unit 126, a main filter
132,a main filter output gain unit 138, an auxiliary filter input gain unit 106, an
auxiliary filter 112, an auxiliary filter output gain unit 118, a signal adder 144, a
system output 148, a strength detector 160, and a gain control unit 180, The signal
processing system 100 generates a processed signal provided to the system output 148
with a strong in channel component well above the filter noise, which is not disturbed »

when internal states of the signal processing system 100 are changed. The signal

processing syétem 100 accomplishes this by combining a signal processed by the

auxiliary filter output gain unit 118 and a signal processed by the main filter output
gaiﬁ unit 138 whenever there is a change in an amplification factor of the main filter
input gain unit 126 and an amplification factor of the main filter output gain unit 138.
The signal processed by the auxiliary filter output gain unit 118 is combined with the
signal processed by the main filter output gain unit 138 for a period of time at least as

long as the amount of time it takes for transients in the signal processed by the main

filter output gain unit 138 to die out. The transients in the signal processed by the

auxiliary filter output gain unit 118 offset the transients in the signal processed by the
main filter output gain unit 138. Therefore by combining the signal produced by the
auxiliary filter output gain unit 118 with the signal produced by the main filter output
gain unit 138, transients in the signal z;xt the system 6utput 148 of the signal processing
system 100 are avoided when the amplification factor of the main filter input gain unit
126 and the amplification factor of the main filter output gain unit 138 are changed.

A signal received at system input 102 is applied to an input 124 of the
main filter input gain unit 126 and an input 104 of the auxiliary filter input gain unit
106. The main filter input gain unit 126 amplifies the signal received at its input 124
as controlled by the signals received at its gain control inputs 156, 158. The main
filter input gain unit 126 amplifies the signal received at its input 124 by one of three

10
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- amplification factors. If the signal received at the input 158 represents a logical zero

and the signal received at the input 156 represents a logical one, the main filter input
gain unit 126 amplifies the signal received at the input 124 by a relatively large factor,
here a factor of ten, and produces the amplified signal at its output-128. If the signal
received at the input 158 represents a logical zero and the signal received at the input
156 represents a logical zero, the main filter input gain unit 126 amplifies the signal
received at the input 124 by a relatively moderaté factor, here a factor of one, and
produces the _ampliﬁed signal at its output 128. If the signal received at the input 158
represents a logical one and the signal received at the ihput 156 represents a logical
zero, the main filter input gain unit 126 amplifies the signal received at the input 124
by a relatively small factor, here a factor of one tenth, and produces the amplified
signal at its output 128. The output 128 of the main filter input gain unit 126 is‘
coupled to an input 130 of the main filter 132 and an input 162 of the strength
detector 160.

The main filter 132 processes the signal received at its iﬁput 130,
which typically includes an in-band component and an out-band component, and
outputs a processed signal at its output 134. Preferably, the main filter 132 has
enough linear ranée to accommodate the in-band component and the out-band
component of the signal without saturating. _The output 134 of the main filter 132 is
coupled to input 136 of the main filter output gain unit 138.

A signal received at an input 136 of the main filter output gain unit 138
is amplified under the control of the signals recei\;ed at its gain control inputs 178,
179, 181. The main filter output gain unit 138 amplifies the signal received at its.
input 136 by one of three amplification factors. If the signal received at the input 178
represents a logical zero, the signal received at the input 179 represents a logical zero
and the signal received at the input 181 represents a logical one, the main filter output
gain unit 138 amplifies the signal received at the input 136 by a relatively small
factor, here a factor of one tenth, and produces the amplified signal at its output 140.
If the signal received at the input 178 represents a logical one, the signal received at
the input 179 represents a logical zero, and the signal received at the inimt 181
represents a logical zero, the main filter input gain unit 138 amplifies the signal
received at the input 136 by a relatively moderate factor, here a factor of one, and

produces the amplified signal at its output 140. If the signal received at the input 178
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represents a logical zero, the signal received at the input 179 represents a logical one,
and the signal received at the input 181 represents a logical zero, the main filter input
gain unit 138 amplifies the signal received at the input 136 by a relatively large factor,
here a factor of ten, and produces the amplified signal at its output 140. The output
140 of the main filter output gain unit 138 is coupled to an input 142 of the signal
adder 144.

 The auxiliary filter input gain unit 106 amplifies the signal received at
its input 104 under the control of the signals received at its gain control inputs 150,
152, 154. The auxiliary filter input gain unit 106 amplifies the signal received at its
input 104 by one of three ampliﬁcation factors, and produces the amplified signal at
its output 108. If the signal received at the input 154 represents a logical zero, the
output 108 of the auxiliary filter input gain unit 106 provides an open circuit and the
output 108 of the auxiliary filter input gain unit 106 is allowed to float. If the signal
received at the input 154 represents a logical one, the Signal received at the input 158
represents a logical zero and the signal received at the input 156 represents a logical
one, the auxiliary filter input gain unit 106 amplifies the signal received at the input
104 by a relatively large factor, here a factor of ten, and produces the amplified signal
atits output 108. If the signal received at the input 154 represents logical one, the
signal received at the input 158 represents a logical zero and the signal received at the
input 156 represents a logical zero, the auxiliary filter input gain unit 106 amplifies
the signal received at its input 104 by a relatively moderate factor, here a factor of
one, and produces the amplified signal at the output 108. If the signal received at the
inpuf 154 represents a logical one, the signal received at the input 158 represents a
logical one and the signal received at the input 156 is a logical zero, the auxiliary
filter input gain unit 106 amplifies the signal received at the input 104 by a relatively
small factor, here a factor of one tenth, and produces the amplified processed signal at
its output 108. - The output 108 of the auxiliary filter input gain unit 106 is coupled to
an input 110 of the auxiliary filter 112.

The auxiliary filter 112 processes the signal received at its input 110,

which typically includes an in-band component and an out-band componeﬁt, and
outputs a processed signal at its output 114. Preferably, the auxiliary filter 112 has

enough linear range to accommodate the in-band component and the out-band
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component of the signal without saturating. The output 114 of the auxiliary filter 112
is coupled to input 116 of the auxiliary filter output gain unit 118.

A signal received at an input 116 of the auxi liary filter output gain unit
118 is amplified under the control of signals received at gain control inputs 172, 173,
174, 175, 176. The auxiliary filter output gain unit 118 amplifies the signal received
at its input 116 by one of three amplification factors, and provides the Ampliﬁed
signal to an output 120. If the signal received at the input 172 represents a logical
one, the output 120 of the auxiliary ﬁlter output gain unit 106 is connected to ground.
If the signal réceived at the input 172 represents a logical zero, the signal received at
the input 173 represents a logical one, the signal received at the input 174 represents a
logical zero, the signal received at the input 175 represents a logical zero and the
signal received at the input 176 represents a logical one, the auxiliary filter input gain
unit 118 amplifies the signal received at the input 116 by a relatively large positive
amplification factor, here a factor of nine, and produces the amplified signal at its
output 120. If the signal received at the input 172 represents a logical zero, the signal
received at the input 173 représents a logical one, the signal received at the input 174
represents a logical zero, the signal received at the input 175 represents a logical one
and the signal received at the input 176 repreﬁents a logical zero, the auxiliary filter
input gain unit 118 amplifies the signal received at the input 116 by a relatively small
positive amplification factor, here a factor of nine tenths, and produces the amplified
signal at its output 120. If the signal received at the input 172 represents a logical
zero, the signal received at the input 173 represents a logical zero, the signal received
at the input 174 represents a logical one, the signal received at the input 175
répresents a logical one and the signal received at the ihput 176 represents a logical
zero, the auxiliary filter input gain unit 118 amplifies the signal received at the input
116 by a relatively large negative amplification factor, here a factor of minus nine
tenths, and produces the amplified signal at its output 120. If the signal received at
the input 172 represents a logical zero, the signal received at the input 173 represents
a logical zero, the signal received at the input 174 represents a logical one, the signal
received at the input 175 represents a logical zero and the signal receivéd at the input
176 represents a logical one, the auxiliary filter input gain unit 118 amplifies the

signal received at the input 116 by a relatively small negative factor, here a factor of
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minus nine, and produces the amplified signal at its output 120. The output 120 of the

auxiliary filter output gain unit 118 is coupled to an input 122 of the signal adder 144.
The strength detector 160 measures the strength (e.g., the voltage

envelope) of fhe signal applied to its input 162 and produces an up control signal at its

. output 166 and a down control signal at its output 164. Depending on the strength of

the signal at its input 162, the strength detector 160 produces different signals at its
two outputs 166, 164. If the signal applied to the input 162 of the strength detector
160 is below the noise floor ﬂueshdld level of the main filter 132, which indicates that
the ampﬁﬁﬁaﬁon factor of the main filter input gain unit 126 should be increased, the
strength detector 160 produces a logical one level signal on its output 166 anda
logical zero level signal on its output 164. If the signal applied to the input 162 of the
strength detector 160 is above the saturation threshold level of the main filter 132,
which indicate that the amplification factor of the main filter input gain unit 126
should be decreased, the strength detector 160 produces a logical zero level signal on
its outpﬁt 166 and a logical one level signal on its output 164. If the signal applied to
the input 162 of the strength detector 160 is hboye the noise floor threshold level and
below the saturation threshold level of the main filter 132, which indicates that the
amplification factor of the main filter input gain unit 126 should remain unchanged,
the strength detector 160 produces a logical zero level signal on its output 166 and a
logical zero level signal on its output 164. The outputs 166 and 164 are coupled to |
inputs 184 and 182, respectively, of the gain control unit 180.

The gain control unit 180, responsive to signals received at its inputs
182, 184, provides signals at its outputs 186, 188, 190, 192, 194, 195, 196, 197 to
control the respective amplification factors of the main filter input gain unit 126, the
main filter output gain unit 138, the auxiliary filter input gain unit 106 and the
auxiliary filter output gain unit 118, as well as to selectively connect and disconnect
the input 104 of the auxiliary filter input gain unit 106 to and from the system input_
102, and to seléctively connect and disconnect the output 120 of the auxiliary filter
input gain unit 118 to and from the input 122 of the signal adder 144. The outputs .
186 and 188 of the gain control unit 180 are connected to the inputs 156 and 158,
respectively, of the main filter input gain unit 126. The outputs 186, 188 and 192, are
connected to the inputs 150, 152 and 154, respectively, of the auxiliary filter input
gain unit 106. The outputs 186, 188 and 190 are connected to the inputs 181, 179 and . A
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178, respectively, of the main filter output gain unit 138. The outputs 192, 194, 196,
197 and 195 are .connected to the inputs 172, 173, 174, 175 and 176, respectively, of
the auxiliary filter output gain 118. .

The gain control unit 180 provides signals to the main filter input gain
unit 126, the main filter output gain unit 138, the auxiliary filter input gain unit 106
and the auxiliary filter output gain unit 118 that allow their respective amplification
factors to vary without causing transients to appear at the output 148 of the signal
processing system 100. The gain control unit 180 begins the process of changing the
amplification factors of the main filter input gain unit 126 and the main filter output-
gain unit 138 by providing the main filter input gain unit 126, the main filter output
gain unit 138, the auxiliary filter input gain unit 106 and the auxiliary filter output
gain unit 118 with the appropriate signals to change their respective a;nbliﬁcation
factors to desired values. At the same time, the gain control unit 180 provides an
appropriate signal to the auxiliary filter input gain unit-106 to cause its input 104 to
disconnect from the system input 102, and provides an appropriate signal to the
auxiliary filter output gain unit 118 to connect its output 120 to the input 122 of the
signal adder 144. The gain control unit 180 keeps the input 104 of the auxiliary filter
input gain 106 disconnected from the system input 102 and keeps the output 120 of
the auxiliary filter output gain unit 118 connected to the input 122 of the signal adder
144 for a period of time at least equal to the amount of time it takes for transients in |
the signal produced by the main filter output gain unit 138 caused by the change in ité
amplification factor to die out. Once that period of time has lapsed, the gain éontrol

umit 180 provides an appropriate signal to the auxiliary filter input gain 106 to cause

its input 104 to connect to the system input 102, and provides an appropriate signal to
the auxiliary filter output gain unit 118 to cause its output 120 to disconnect from thé
input 122 of the signal adder 144 '

The signal adder 144 combines the signals received at its inputs 122,
142 in the current domain and provides the combined signal at its output 146. The
oﬁtput 146 of the sigrlai adder 144 is coupled to the output 148 of the signal -
processing system 100. _ '

Fig. 3 illustrates an exemplary embodiment of the main filter input
gain unit 126. The main filter input gain unit 126 amplifies the signal received at its -

input 124 by one of three amplification factors as controlled the gain control signals
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received by the inputs 156, 158. The main filter input gain unit 126 includes a first
switch 312, a second switch 324, a first resistor 304, a second resistor 318, a
transconductor 332 and an on/off transconductor 342. The first switch 312 and the
second switch 324 may each be implemented as a CMOS transmission gate, in which
an NMOS transistor and a PMOS transistor are connected in parallel with each other,
the gate of the PMOS transistor is connected to the output of an inverter, the input of
the inverter and the gate of the NMOS transistor are connected to each other and serve
as the switch control terminal, and the source and drain of each transistor serve as the
switch‘ terminals. When a CMOS transmission gate is closed, the NMOS transistor
and the PMOS transistor are active, such that a signal received on one terminal of the -
CMOS transmission gate is conveyed to the other terminal of the CMOS transmission
gate. When. a CMOS transmission gate is open, the NMOS transistor and the PMOS
transistor are not active, such that a signal received on one terminal of the CMOS
transmission gate is not conveyed to the other terminal of the CMOS transmission
gate. )

A signal received at gain control input 158 of the main filter input gain
unit 126 is applied to an inverted switch control terminal 310 of the first switch 312
and one terminal 323 of the second switch 324; a signal received at the input 124 is
applied to one terminal 302 of the first resistor 304 and terminal 308 of the first
switch 312; and a signal received at gain control input 156 is applied to an on/off
input 340 of the on/off transconductor 342, which is described in more detail in-
relation to Fig. 14. The first switch 312 closes to connect its terminal 308 to its other
terminal 314 if the signal received at the inverted switch control terminal 310 is at a
logical zero voltage level. If the signal at the inverted switch control terminal 310 is
at a logical one voltage level, the first switch 312 opens to disconnect its terminal 308
from its other terminal 314 resulting in an open circuit between terminals 308 and
314. The first resistor 304 is connected between terminal 308 and terminal 314 of the
first switch 312. The first resistor 304 may have a resistance of 90 kQ. The terminal

314 of the first switch 312 and the other terminal 306 of the first resistor 304 are

connected to one terminal 316 of the second resistor 318, a positive input 328 of the
transconductor 332, and a positive input 336 of the on/off transconductor 342.
The other terminal 320 of the second resistor 318 is coupled to

terminal 322 of the second switch 324. The second resistor 318 may have a resistance
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of 10 kQ. Terminal 326 of the sécond switch 324 is connected to ground. The
second switch 324 closes by connecting its terminal 322 to its other terminal 326 if
the signal received at the switch control terminal 323 is at a logical one voltage level.
If the signai at the switch control terminal 323 is at a logical zero voltage level, the
second switch 324 opens by disconnecting its terminal 322 from its other terminal 326
resulting in an open circuit. The first switch 312 and the first resistor 304 form one
half of a voltage divider, while the second switch 324 and the second resistor 318
form the other half of the voltage divider for the signal received at the input 124.. The
vol_tage divider causes the main amplifier gain unit to have a relatively small

amplification factor when the signal applied to the gain control input 158 is at a

- logical or voltage level and the signal applied to the gain control input 156 is at a

logical zero voltage level. A main filter input gain unit 126 ﬁaving a relatively small
amplification factor causes the signal process system to be effective for processing
relatively large input signals.

The transconductor 332 operates on the difference between the signal
received at its positive input 328 and the signal received at its negative input 330,

which is connected to ground, and provides a signal at its output 334. The signal at

' the output 334 of the transconductor 332 is equal to the difference in the signal
received by the positive input 328 of the transconductor 332 and the signal received
by its negative input 330 scaled by a transconductarice G, of the transconductor 332.

The output 334 of the transconductor 332 is coupled to the output 344 of the on/off
transconductor 342, and the output 128 of the main filter input gain unit 126. When
the first switch 312 is closed (as a result of a logical one voltage le'vel signal applied
to its switch .control terminal 310), the switch 324 is open (as a result of a large logical
zero voltage level signal applied to its switch control terminal terminal 323), and the
on/off transconductor 342 is off (as a result ofa logical zero voltage level signal
received at its control input 340), th.e main filter input gain unit 126 has a relatively
moderaté amplification factor, and therefore the signal processing system 100 is
effective for processing relatively moderate sized input signals.

If a logical one level voltage signal is received at the control terminal
340 of the on/off transconductor 342, the on/off transconductor 342 operates on the
difference between the signal received at its positive input 336 and the signal received

at its negative input 338, which is connected to ground, and provides a signal at its

IPR2024-00816
Apple EX1002 Page 195

IPR2023-00818
Theta EX2019



WO 02/056470 ' _ ' PCT/US02/04669

10

15

20

25

30

output 344. If the signal af its control input terminal 340 is at a logical zero voltage
level, the on/off transconductor 342 acts as an open circuit between its input 336 and
its output 344. If the signal at the control input terminal 340 is at a logical one
voltage level, the signal at the output 344 of the on/off transconductor 342 is equal to
the difference in the signal received by its positive input 336 and the signal received
by its negativé input 338 scaled by a transconductance 9G,, of the on/off
transconductor 342. The output 344 of the on/off transconductor 342 is coupled to the
output 334 of the transconductor 332 and to the output 128 of the main filter input
gain unit 126. When the on/off transconductor 342 is on, i.e. when the signal at its
control input 340 is at a logical one voltage level, the voltage output of the on/off
transconductor 342 combines with the voltage output of the transconductor 332
causing the main filter input gain unit 129 to have a relatively large amplification
factor, which in turn causes the signal processing system 129 to be effective for
processing relatively small input signals. - .

Fig. 4 illustrates an exemplary embodiment of the main filter 132

which is in the form of a standard Tow-Thomas biquad. The main filter 132 includes

a transconductor 412, a transconductor 420, a transconductor 428, a transconductor

442, a capacitor 404, and a capacitor 434. The center frequency wp of the main filter
132 can be calculated by the equation: .
@0=QGn/C m

where Q is the quality factor of the main filter 132. The absolute value of the

-transconductors and capacitors can be scaled by the same factor, i.e., impedance

scaling, without affecting the transfer function of the main filter 132, since the
transfer function depends on the ratios between these values. Impedance scaling does
not change the transfer function of the main filter 132, however it does change the

power dissipation and the noise level of the main filter 132.

A signal received by the input 130 of the main filter 132 is applied to a
terminal 402 of the capacitor 404, a negative input 408 of the transconductor 412, an
output 414 of the transconductor 412, a positive input 416 of the transconductor 420,
and an output 430 of the transconductor 428. These connections form a node 450.

The other terminal 406 of the capacitor 404 is connected to ground. The capacitor
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404 integrates the current signals provided to node 450 by the outputs of
transconductors. ‘
The transconductor 412 operates on the difference between the voltage
signal received at a positive input 410, which is connected to ground and the voltage
signal received at the negative input 408, and provides a current signal at its output
414. The signal at the current output 414 of the transconductor 412 is equal to the
difference between the voltage signal received by its positive input 410, which is
connected to ground, and the signal received by its negative input 408, which is the

* voltage at terminal 402 of the capacitor 404, scaled by its transconductance G,,. As

explained above, the output 414 of the transconductor 412 together with one terminal
402 of the capacitor 404, the negative input 408 of the transconductor 412, the input
130, the positive input 416 of the transconductor 420 and the output 430 of the
transconductor 428 form node 450. The transconductor 412 forms a feedback loop
with the node 450.

The transconductor 420 operates on the difference between the -voltage
signal received at its positive input 416, which is the voltage at terminal 402 of the
capacitor 404, and the voltage signal received at its negative input 418, which is

" connected to ground, and provides a current signal at its output 422. The current

signal at the output 422 is equal to the difference between the voltage signal received
by the positive input 416, which is node 450, and the voltage signal received by the
negative input 418, scaled by a transconductance QG The output 422 of the
transconductor 420 together with one terminal 432 of a capacitor 434, a positive input
438 of the transconductor 442, and a negative input 424 of the transconductor 428
form node 451. The other terminal 436 of the capécitor 434 is connected to ground.
The capacitor 434 integrates the current provided to nodé 451 by the output 422 of
transconductor 420.

The transconductor 428 operates on the difference between the voltage
signal received at its positive input 426, which is connected to ground and the voltage
signal received at its negative input 424, which is voltage at terminal 432 of the
capacitor 434, and provides a signal at its output 430 which is node 456. The current
signal at the output 430, which is node 450, is equal to the difference in the signal
received by the positive input 426 and the signal received by the negative input 424,
which is node 451, of the transconductor 428, scaled by a transconductance QGp, |
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The transconductor 442 6perates on the difference between the signal
received at its positive input 438, which is the voltage at terminal 432 of the capacitor
434, and the \}Qltage signal received at its negative input 440, which is connected to
ground, and provides a current signal at an output 444. The signal at the output 444 is
equal to the difference between the voltage signal received by the positive input 438,
which is node 451, and the signal received by the negative input 440 of the
transconductor 442, scaled by a transconductance G,. The output 444 of the
transconductor 442 is coupled to the output 134 of the main filter 132. In an
ekemplary embodiment of the main filter 132, the capacitance of the capacitors 404
and 434 are each 80v |. the quality factor, Q, is 20, and the transconductance Gn, is 50.

- In another exempléry embodiment of the main filter 132, a first diode
(not shown) and a second diode (not shown) are connected to the node 450. The
cathode of the first diode is connected to the node 450 and an anode of the first diode
is connected to ground. The anode of the second diode is connected to the node 450
and a cathode of the second diode is connected to ground. This arrangement limits
the voltage swing at the ﬁode 450 to approximately + 0.7 volts.

. In still another exémplary embodiment of the main filter 132, a first

diode (not shown) and a second diode (not shown) are connected to the input 130.
The cathode of the first diode is connected to the input 130 and an anode of the first
diode is connected to ground. The anode of the second diode is connected to the input
130 and a cathode of the second diode is connected to ground. This arrangement
limits the voltage swing at the input 130 to approximately + 0.7 volts.

In yet another exemplary embodiment of the main filter 132, a first
diodé (not shown) and a second diode (not shown) are connected to the output 134.
The cathode of the first diode is connected to the output 134 and an anode of the first
diode is connected to ground. The anode of the second diode is connected to the
output 134 and a cathode of the second diode is connected to ground. This
arrangement limits the voltage swing at the output 134 to approximately + 0.7 volts.

Fig. 5 illustrates an exemplary embodiment of the main filter output
gain unit 138. The main filter output gain unit 138 provides a dynamically alterable .
output gain for the output of the main filter 132. The main filter output gain unit 138

includes a first switch 520, a second switch 532, a third switch 546, a first resistor
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512, a second resistor 526, a fhird resistor 538, and an operational amplifier 506. In
the present embodiment, the operational amplifier 506 may be a model LF347

operational amplifier available from National Semiconductor Corporation in Santa

Clara, California. Switches 520, 532 and 546 may each be implemented as a CMOS

transmission gate.

A signal received at the input 136 of the main filter input gain unit 126 -
is applied to a negative input 502 of the operational amplifier 506, one terminal 510 of
the first resistor 512, one terminal 524 of the second resistor 526 and one terminal 536
of the third resistor 538; a first gain control signal received at the input 181 is applied
to a switch control terminal 518 of the first switch 520; a second gain control signal”
received at the input 178 is applied to a switch control terminal 531 of the second
switch 532; and a third gain control signal received at the input 179 is appﬁed toa

‘switch control terminal 544 of the third switch 546. The other terminal 514 of the

first resistor 512 is connected to one terminal 516 of the first switch 520. The first
resistor 512 may have a relatively low resistance value. In the present example, the
first resistor 512 has a value of 1/10Gy, where Gy, is in the transconductance of the
transconductor 332 of the main filter input gain unit 126 depicted in Fig. 3. The other
terminal 528 of the second resistor 526 is connected to one terminal 530 of the second
switch 532. The second resistor 526 may have a relatively high resistance value. In

the present example, the second resistor 526 has a value of 10/G,. The other terminal A

540 of the third resistor 538 is connected to one terminal 542 of the third switch 546.

“The third resistor 538 may relatively moderate resistance value. In the present

example, the third resistor 538 has a value of 1/Gp,.

Terminal 522 of the first switch 520 is connected to terminal 534 of the
second switch 532, terminal 548 of the third switch 546, the output 508 of the
operational amplifier 506, and the output 140 of the main filter output gain unit 138.
The first switch 520 closes to connect its terminal 516 to its other terminal 522 if the
signal received at the switch control terminal 518 is at a logical one voltage level. If
the sigﬁal at the switch control terminal 518 of the first switch 520 is ata logicél zero
voltage level, the first switch 520 opens to disconnect its terminal 516 ﬁnm its other
terminal 522 resulting in an open circuit between the terminals.

Terminal 534 of the second switch 532 is connected to terminal 522 of
the first switch 520, terminal 548 of the third switch 546, the output 508 of the
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operational amplifier 506, and the output 140 of the main filter output gain unit 138,
The second switch 532 closes to connect its terminal 530 to its other terminal 534 if
the signal received at the switch control terminal 531 of the second switch 532 is at a
logical one voltage level. If the signal at the switch control terminal 531 is at a logical
zero voltage level, the second switch 532 opens to disconnect its terminal 530 from its
other terminal 534 resulting in an open circuit between the two terminals.

Terminal 548 of the third switch 546 is connected to terminal 522 of
the first switch 520, terminal 534 of the second switch 532, the output 508 of the
operational amplifier 506, and the output 140 of the main filter output gain unit 138.
The third switch 546 closes to connect its terminal 542 to its other terminal 548 .if the’
signél received at the switch control terminal 544 of the third switch 546 is at a logical
one voltage lev.el. If the signé] at the switch control terminal 544 is ata ldgical zero
voltage level, the second switch 546 opens to disconnect its terminal 542 from its
other terminal 548 resulting. in an open circuit between the two terminals.

The operational amplifier 506 amplifies the difference between the .

. signal received at its positive input 504, which is connected to ground, and the signal

received at its negative input 502 by an ampliﬁcation factor and provides the
amplified signal at its output 508. The signal produced at the output 508 is conveyed
to the output 140 of the main filter output gain unit 138.

Fig. 6 illustrates an exemplary embodiment of the auxiliary filter input

_ gain unit 106. The auxiliary filter input gain unit 106 amplifies the signal received at

its input 104 by one of three amplification factors, and provides an appropriate
amplified signal to its output 108. The auxiliary filter input gain unit 106 includes the
main filter input gain unit 126, a first switch 614, and a second switch 622. Switches
614, 622 may each be implehxented as a CMOS transmission gate.

A signal received at the input 104 of the auxiliary filter input gain unit
106 is applied to an input 602 of the main filter input gain unit 126; a signal received
at the input 152 of thé auxiliary filter input gain unit 106 is applied to an input 604 of
the main filter input gain unit 126; a signal received at the input 150 of the auxiliary
filter input gain unit 106 is applied to an input 606 of the main filter input gain unit
126; and a signal received at an input 154 is applied to an inverted switch control
terminal 612 of the first switch 614 and a switch control terminal 620 of the second
switch 622. The main filter input gain unit 126 amplifies the signal received at its
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input 602 by an amplification factor that depends oﬁ the signals received at its inputs
604, 606, as described above in relation to Fig. 3, and produces a signal at its output
608. The inputs 602, 604, 606 of the main filter input gain unit 126 correspond to the
inputs 124, 158, 156, shown in Fig. 3, respectively, and the output 608 correspond to
the output 128, shown in Fig. 3. The output 608 of the main filter input gain unit 126
is connected to a terminal 610 of the first switch 614, and a germinal 618 of the second
switch 622. _

One terminal 616 of the first switch 614 is connected to ground. The

first switch 614 closes to connect its terminal 610 to its other terminal 616 if the

signal received at the inverted switch control terminal 612 is at a logical zero voltage |

level. If the signal at the inverted switch control terminal 612 is at a logical one

voltage level, the first switch 614 opens to disconnect its terminal 610 from its other
terminal 616 resulting in an open circuit between the two terminals.

One terminal 624 of the second switch 622 is connected to the output
108 of the auxiliary. filter input gain unit 106. The second switch 622 closes to
connect its terminal 618 to its other terminal 624 if the signal received at its switch
control terminal 620 is ét a logical one voltage level. If the signal at the switch
control terminal 620 is at a logical zero voltage level, the second switch 622 opens to
disconnect its terminal 618 from its other terminal 624 resulting in an open circuit
between the two terminals. '

Fig. 21 illustrates an exemplary embodiment of the auxiliary filter 112:
The auxiliary filter 112 includes the input 110, the main filter 132 and the output 114.
A signal received by the input 110 of the auxiliary filter 112 is applied to the input:
130 of the main filter 132. The structure and function of the main filter 132 is
described above in relation to Fig. 3. .Thé main filter 132 produces a processed signal
at its output 134, which is connected to the output 114,

Fig. 7 illustrates an exemplary embodiment of the auxiliary filter
output gain unit 118. The auxiliary filter output gain unit 118 provides a selectively
enabled, dynamically alterable output gain for the auxiliary filter 106. The auxiliary
filter output gain unit 118 includes a first operational amplifier 734, a second
operational amplifier 762, a first resistor 704, a second resistor 718, a third resistor
748, a fourth resistor 754, a first switch 712, a second switch 726, a third switch 742,
a fourth switch 770, and a fifth switch 778. In the present embodiment, the first
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operational amplifier 734 and the second operational amplifier 762 are model LF347
operational amplifiers available from National Semiconductor Corporation of Santa
Clara, California. Switches 712, 726, 742, 770 and 778 may be each be implemented
as CMOS transmission gates. '

A signal received at the input 116 of the auxiliary filter output gain
unit 118 is applied to a negative input 730 of the first operational amplifier 734, one
terminal 702 of the first resistor 704, and one terminal 716 of the second resistor 718;
a signal recéiv_ed at the input 175 of the auxiliary filter output gain unit 118 is applied
to the switch control terminal 710 of the first switch 712; a signal received at the input
176 of the auxiliary filter output gain unit 118 is applied to the switch control terminal
724 of the second switch 726; a signal received at the input 173 of the auxiliary filter
output gain unit 118 is applied to the switch control terminal 740 of the third switch
742; a signal received at the input 174 of the auxiliary filter output gain unit 118 is
applied to the switch control terminal 768 of the fourth switch 770; and a signal
received at the input 172 of the auxiliary filter output gain unit 118 is applied to the
switch control terminal 776 of the fifth switch 778, The other terminal 706 of the first
resistor 704 is connected to one terminal 708 of the first switch 712. The first resistor
704 has a relatively low resistance value. In the present example, the resistance of the
first resistor 704 is 9/10G,, where Gn, is the transconductance of transconductors 332
of the main filter input gain unit 126 depicted in Fig. 3. The other terminal 720 of the
second resistor 718 is connected to one terminal 722 of the second switch 726. The
second resistor 718 has a relatively high resistance value. In the present example, the
resistance of the second resistor 718 is 9/G,.

Terminal 714 of the first switch 712 is connected to terminal 728 of the
second switch 726, an output 736 of the first operational amplifier 734, one terminal
738 of the third switch 742, and one terminal 746 of the third resistor 748. The first
switch 712 closes to connect its terminal 708 to its other terminal 714 if the signal
received at its switch control terminal 710 is a logical one voltage level. If the signal
at the switch control terminal 710isata lbgical zero voltage le\"el, the first switch 712
opens to disconnect its terminal 708 from its other terminal 714 resultihg in an open
circuit between the two terminals.

Terminal 728 of the second switch 726 is connected to the terminal

714 of the first switch 712, the output 736 of the operational amplifier 734, terminal
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738 of the third switch 742, and one terminal 746 of the third resistor 748. The
second switch 726 closes to connect its terminal 722 to its other terminal 728 if the
signal received at its switch control terminal 724 is a logical one voltage level. If the

signal at the switch control terminal 724 is at a logical zero voltage level, the second

- switch 726 opens to disconnect its terminal 722 from its other terminal 728 resulting

in an open circuit between the two terminals.

The first resistor 704, the first switch 712, the second resistor 7i8, the
second switch 726 and the operational amplifier 736 form an amplifier having a
variable amplification factor. If input‘ 175 receives a logical one voltage level signal
and input 176 receives a logical zero level signal so that the first switch 712 is closed
and the second switch 726 is open, the amplification factor between input 116 and the
output 736 of the operational amplifier 734 is in the present example —9/10. If input
175 receives a logical zero voltage level signal and input 176 receives a logical one
voltage level signal so that the first switch 712 is open and the second switch 726 is
cioséd, the amplification factor between the input 116 and the output 736 of the
operational amplifier 736 is -9. S

- Terminal 744 of the third switch 742 is connected to terminal 772 of
the fourth switch 770, terminal 780 of the fifth switch 778, and the output 120 of the
auxiliary filter output gain unit 118. The third switch 742 closes to connect its
terminal 738 to its other terminal 744 if the signal received at its switch controi
terminal 740 is at a logical one voltage level. If the signal at the switch control
terminal 740 is a logical zero voltage level, the third switch 742 opens to disconnect
its terminal 738 from its other terminal 744 resulting in an open circuit between the
two terminals. .

The other terminal 750 of the third resistor 748 is connected to one
terminal 752 of the fourth resistor 754, and the negative input 758 of the second
operational amplifier 762. The third resistor 748, ihe fourth resistor 754, and the
operational amplifier 762 form an inverting amplifier having an amplification factor
serial to the negative ratio of the resistance of the fourth resistor 754 to the resistance
of the third resistor 748. The inverting amplifier amplifies thé signal received at
terminal 746 of the third resistor 748 by such amplification factor and provides the
amplified signal at its output 754. The signal produced at the output 764 is applied to
terminal 766 of the fourth switch 770.
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The other terminal 772 of the fourth switch 770 is connected to
terminal 744‘of the third switch 742, the terminal 780 of the fifth switch 778 and the
output .120 of .the auxiliary ﬁlter output gain unit 118. The fourth switch 770 closes to

" connect its terminal 766 to its other terminal 772 if the signal received at its switch
control terminal 768 is at a logical one voltage level. If the signal at the switch
control terminal 768 is at a logical zero voltage level, the fourth switch 770 opens to
disconnect its terminal 766 from its other terminal 772 resulting in an open circuit
between the two terminals. o . .

- Terminal 774 of the fifth switch 778 is connected to ground. The other
terminal 780 of the fifth switch 778 is connected to terminal 744 of the third switch
742, terminal 772 of the fifth switch 770, and the output 120 of the.auxiliary filter
output gain unit 118. The fifth switch 778 closes to connect its terminal 774 to its
other terminal 780 if the signal received at its switch control terminal 776 is at a
logicél one voltage level. If the signal at the switch control terminal 776 is at a logical
zero voltage level, the fifth switch 778 opens to disconnect its terminal 774 from its

- other terminal 780 resulting in an open circuit befween the two terminals opefation of
the auxiliary filter output gain unit is not adequately described.

Fig. 8 illustrates an exemplary embodiment of the signal adder unit
144. The signal adder unit 144 combines the signals received at the input 122 and the
input 142. The signal adder unit 144 includes an operational amplifier 814, a first
resistor 804, a second resistor 810, and a third resistor 816. In the present
embodiment, the operational amplifier 824 is model LF347 operational amplifier
available from National Semiconductor Corporation of Santa Clara, California.

A signal received at the input 122 of the signal adder unit 144 is
applied tc; one terminal 802 of the first resistor 804; a signal received at the input 142
of the signal adder unit 144 is applied to one terminal 808 of the second resistor 810.
The other terminal 806 of the first resistor 804 is connected to the other terminal 812
of the second resistor 810, one terminal 814 of the third resistor 816 and the negative
input 820 of the pperational amplifier 824. The other terminal 818 of the third resistor
816 is connected to an output 826 of the operational am;;liﬁer 824 and the outf)ut 148
of the signal adder unit 144.

H&e sigmalreceived a{—input' 122 is Vp, the signal received at input
142 is Vg and the sigpal at the output 148 is Vg, then Vo may be expressed as [EQ]
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where R is the resistance of the first resistor 804, R; is the resistance of the second
resistor 810 and Rr is the resistance of the third resistor 816.

Referring to Fig. 9, there is shown an exemplary embodimeﬁt of the
strength detector 160 as shown in Fig. 2. The strength detector 160 includes an input
162, a peak detector 904, a first threshold detector 910, a second threshold detector
916, a first inverter gate 922, a second inverter gate 928, a third inverter gate 934, a
first output 164, and a second output 166. The peak detector 904 and the first
threshold detector 910 are described in more detail below in relation to Fig. 10 and
Fig. 11, respectively. The strength detector 160 senses the voltage envelope of the

- signal received at the input 162, and decides whether it would be appropriate to

“change amplification factors of the main filter input gain unit 126, the main filter

output gain unit 138, the auxiliary filter input gain unit 106 and the auxiliary filter
output gain unit 118. The saturation threshold limit represents the input signal
strength at which the main filter 132 approéches saturation. The noise floor threshold
limit represents the input signal strength at which the output signal of the main ﬁltef
132 has a minimum acceptable signal-to-noise ratio.

_ A signal received at the input 162 of the strength detector 160 is
applied to an input 902 of the peak detector 904. The peak detector 904 receives an
input letage sfgnai at its input 902 and provides a current signal representative of the
péak of the voltage envelope of the input signal at an output 906 of the peak detector
904. The output 906 of the peak detector 904 is coupled to an input 908 of the first
threshold detector 910 and an input 914 of the second threshold detector 916. The
first threshold detector 910 provides a logical one voltage level on its output 912 if the
signal at its input 908 represents an input signal voltage envelope peak greater than
the saturation threshold limit, and provides a logical zero voltage level on its output
912 if the signal at the input 908 represents an inpui signal voltage envelope peak less
than the saturation threshold limit. The output 912 of the first threshold detector 910
is coupled to an input 920 of the first inverter gate 922. The second threshold detector
916 provides a logical one voltage level on its output 918 if the signal at its input 914
represents an input signal voltage envelope peak greater than the noise floor threshold
limit, and provides a logical zero voltage level 6n its output 918 if the signal at its

input 914 represents an input signal voltage envelope peak less than the noise floor.
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threshold limit. The output 918 of the second threshold detector 916 is coupled to the
input 932 of the third inverter gate 934.

The inverter gate 922 inverts the signal received at its input 920, and
provides the inverted signal at its output 924. The output 924 is connected to the
input 926 of the second inverter gate 928. The second inverter gate 928 inverts the -
signal received at its input 926, and provides the inverted signal at the output 930.
The output 930 is couple, first to the o_ufpu; 164 of the strength detector 160. The

‘third inverter gate 934 inverts the signal received at its input 932, and provides the

inverted signal at its output 936. The output 936 is connected to the second output
166 of the strength detector 160. ) .

Fig. 10 illustrates an exemplary embodiment of the peak detector 904
of the strength detector 160 of Fig. 9 in greater detail. The peak detector 904 includes
an NMOS transistor Q;, a PMOS transistor Q3, an NMOS transistor Q4, a PMOS
transistor Qs, a PMOS transistor Qg, a capacitor 1050, a resistor 1058 and a
transconductor 1042.

A signal received by the input 902 of the peak detector 904 is applied
to a positive input 1044 of the transconductor 1042. The transconductor 1042 provide
at its output 1048 a signal which is equal to the difference in the signal received by its
positive inbut 1044 and the signal received by the negative input 1046, which is
connected to ground, scaled by a transconductance G;, of the transconauctor 1042. In
the present embodiment the transconductor 1042 hés a transconductance G;, of 1
microampere per volt. The signal provided at the oﬁtput 1048 of the transconductor
1042 is applied to the gate 1010 of the PMOS transistor Q; and the gate 1024 of the
NMOS transistor Qq, which form an im?ert'er, the gate 1026 and the drain 1032 of the
diode connected PMOS transistor Qs, the source 1036 and the backgate 1038 of the

- PMOS transistor Qg, and the drain 1002 of the NMOS transistor Q;. The inverter

formed by the PMOS transistor Q; and the NMOS transistor Qg are connected
between supply voltages Vpp and Vss, and the commonly connected drains of PMOS
transistor Q3 and NMOS transistor Qs are connected to the source 1028 of diode
connected PMOS transistor Qs and the gate 1034 of PMOS transistor Qs. The back
gates 1014 and 1020 of the PMOS transistor Q; and the NMOS transistor Q, are

connected to supply voltage Vpp and Vg, respectively. The commonly connected

"gate 1026 and drain 1032 of the diode connected PMOS transistor Qs are connected to
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the drain 1036 and backgate 1038 of PMOS transistor Qs. The back gate 1030 of
diode connected PMOS transistor is connected to supply voltage Qpp. The source
1040 of the PMOS transistor Qs is connected to the gate 1048 of NMOS transistor Q,,
one terminal of capacitor 1050, one terminal 1056 of the resistor 1058 and output
terminal 906." The other terminal of capacitor 1050 and the other terminal 1060 of the
resistor 1058 are connected to supply voltage Qss. The drain 1002 of NMOS

transistor Q is connected to the output 1048 of the transconductor 1048 .

transconductor 1042, the drain 1036 and the backgate 1038 of PMOS transistor Qs,
the commonly connected gate 1026 and drain 1032 of diode connected PMOS
transistor Qs, and commonly connected gates 1010 and 1024 of the PMOS transistor
Q; and the NMOS transistor Qq of the inverter. The source 1006 of the NMOS
transistor Q, is connected to supply voltage Qss.

The NMOS transistor Q; of the peak detector 904 forms half of a
NMOS current mirror. The other half of the current mirror consists of an NMOS
transistor Q; of the threshold detector 910 (shown in Fig. 11). Thus, when the output
906 of the peak detector 904 is connected to the input 908 of the threshold detector
910, a complete NMOS current mirror is formed which acts as a current memory
storing the peak current, i.e., the current that represents the voltage envelope peak of
input signal of the main filter. The CMOS inverter formed by PMOS transistor Q;
and NMOS transistor Q4 acts as a current comparator which cbmpa.res the current

provided by the output 1048 of the transconductor 1042 with the drain current of

NMOS transistor Q.

When the drain current of NMOS transistor Q is larger that the current _
provided by the output 1048 of the transconductor 1042, the commonly connected
gates 1010 and 1024 of the PMOS transistor Q; énd the NMOS transistor Q, forming
the inverter is at a logical low voltage level (i.e., Vss) and the commonly connected
drains 1016 and 1018 of those transistors are at a logical one voltage level (i.e., Vop).
Because the gate 1034 of PMOS transistor Qg is connected to the commonly

 connected drains 1016 and 1018 of the inverter, it is also at the logical one voltage

level, PMOS transistor Qg is turned off. If the current provided by the output 1048 of
the transconductor 1042 becomes larger than the drain current of NMOS transistor Qi
the commonly connected gates 1010 and 1024 of PMOS transistor Qs .and NMOS

transistor Q4 switches to a logical one voltage level and the commonly connected
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drains 1016 and 1018 of those transistors switches to a logical zero voltage level; this
causes the gate 1034 of the PMOS transistor Qs to go to the logical zero voltage level
and PMOS transistor Qg to turn on. In this manner, PMOS transistor Qs connects the
gates 1008 and 1102 (shown in Fig. 11) of NMOS transistors Q, and Q;, one terminal
1052 of capacitor 1050 and terminal 1056 of the resistor 1058 to the output 1048 of

* the transconductor 1042, and the current mirror follows the current provided by the

- output 1048 of transconductor 1042. When the current provided by the output 1048

of the transconductor 1042 starts to fall below the new peak current, the commonly
.connected drains 1016 and 1018 of PMOS transistor Q; and NMOS transistor Q4
switches back to a logical one voltage level causing PMOS transistor Qg to turn off
leaving the gates 1008 and 1102 (shown in Fig. 11) of NMOS transistors at the
voltage on the terminal 1052 of the capacitor 1050, thus allowing the NMOS current
mirror to hold the new peak current, though the new peak current degrades as the
capacitor 1050 discharges through the resistor 1058. Thereafter, the diode connected
PMOS transistor Qs starts to supply the difference between the éutput of 1048 of the
transconductor 1042 and the drain current provided by the current of the NMOS
transistor Q to the node formed by the output 1048 of the transconductor 1043, the
drain of NMOS transistor Q; and the commonly connected gates 1010 and 1024 of
PMOS transistor Q3 and NMOS transistor Q.

‘ Fig. 11 illustrates the first threshold detector 910 of the stréngth |
detector 160 of Fig. 9 in greater detail. The first threshold detector 910 compares the
current representing of the voltage envelope of a signal received at the input 902 of
the peak detector 904 to a reference current supplied by a current source 1126. The
first threshold detector 910 includes an NMOS transistor Q,, a PMOS transistor Qy, a '
PMOS transistor Qg, ana the current source 1126. Any number of threshold detectors
can be connected to the peak detector 904 to derive a corresponding number of signal
strength detector outputs. A signal received by the input 908 of the first threshold
detector 910 is applied to the gate 1102 of the NMOS transistor Q..

As explained above in connection with Fig. 10, the NMOS transistor
Q; of the first threshold detector 910 forms half of an NMOS current mirror that acts
as a current memory which stores the peak current corresponding to the peak voltage
envelope of the signal received at the input 902 of the peak detector 904. The other
half of the NMOS current mirror that acts as a current memory consists of the NMOS
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transistor Q, of the peak detector 904, shown in Fig. 10, which is connected to the
input 908 of the first threshold detector 910. The source 1108 of the NMOS transistor
Q: is connected to supply voltage Vss.‘ The drain 1104 of the NMOS transistor Q:is
connected to the drain 1110 of the PMOS transistor Q;. The gate 1102 of the NMOS
transistor Q; is connected to the input 908 of the first threshold detector 910. The
backgate 1106 of the NMOS transistor Q; is connected to supply voltage V.

The NMOS transistor Q;, the NMOS transistor Qs and the current
source 1126 form a current mirror that causes a current to flow thmugh the NMOS
transistor Q7 that mirrors the current of the current source 1126. The gate 1114 of the
NMOS transistor Qy is connected to the gate 1118 of the NMOS transistor Qg, the
drain 1120 of the NMOS transistor Qs, and the positive terminal 1122 of the current
source 1126. The source 1112 of the NMOS transistor Q; is connected to supply
voltage Vg4 and the.so_urce 1116 .of the NMOS transistor Qs. The drain 1110 of the
NMOS transistor Q; is connected to the drain 1104 of the NMOS transistor Q, and the
output 912 of the threshold detector 910. The gate 1118 of NMOS transistor Qg is
connected to the drain 1120 of the NMOS transistor Qg , the gate 1114 of the NMOS
transistor Q; and the positive terminal 1122 of the current source 1126. The source
1116 of the NMOS transistor Qs is connected to the source 1112 of the NMOS
transistor Q7 and supply voltage V4. The negative terminal 1124 of the current
source 1126 is connected to ground.

The current source 1126 produces a reference current that represents
the threshold voltage of the first threshold detector 910. The reference current can be
any value, for example 100 uA, and the transistors Q;, Qg of the first threshold '
detector 910 are scaled to cause the desired current to flow through the transistor Q.
The preferred form of a current source is a resistance connected between the drain
1120 of NMOS transistor Qg and ground. In the present example the reference
current generated by the current source in the first threshold detector 910 is 5.5 MA.

_ The output 912 of the first threshold detector 910 indicates whether the
respective amplification factors of the main filter input gain unit 126 and the auxiliary
filter input gain unit 106 should be decreased given the voltage envelope of the signal
received at the input 902 of the peak detector 904. If the current flowing through the
transistor Q,, which represents the voltage envelope peak of the signal received at the
input 902 of the peak detector 904, eicceds the current flowing through the transistor
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Q7, which is related to the reference current of the current source 1 126, the output 912
of the first threshold detector 910 will be at a logical zero voltage level. If the current
flowing through the transistor Q, does not exceed the current ﬂbwing through the,
transistor Qy, the output 912 of the first threshold detector 910-wif| be at a logical one
voltage level. In this manner, the saturation threshold limit of the signal strength
detector 160 is répresgnted by the amount of current generated by the current source
1126. '

In an exemplary embodiment the second threshold detector 916 (not
shown in Fig. 11) is similar to the first threshold detector 910 shown in Fig. 11. It has
a counterpart to NMOS transistor Q, of the first threshold detector 910, with the gate
of the counterpart transistor connected to the output 906 of the peak detector 904.

The second threshold detector 916 also has its counterpart to the current mirror, which
in the first threshold detector 910 consists of NMOS transistors Q; and Qg, and
reference current source 1126. The counterpart to the current source 1126 of the
second threshold detector 916 would produce a reference current that represents the
noise floor threshold limit. In the present example, the counterpart to the current
source 1126 génerates 55 micro-amperes.

Fig. 12 illustrates an exemplary embodiment of the gain control unit
180 of the block diagram of Fig. 2 in more detail. The -gain control unit 180 controls
the gain of the auxiliary filter input gain unit 106, the auxiliary filter output gain unit »
118, the main filter input gain unit 126, and the main filter output gain unit 138. The
gain control unit 180 is implemented with AND gates, OR gatés, a positive edge
triggered D-type flip flop 1209, a positive edge triggered D-type flip flop 12.1 9,a
positive edge triggered D-type flip flop 1229 and an N-bit counter 1268. The gain
control unit 180 receives control signals at inputs 164, 166, which are applied to an

array of AND gates, and a clock signal at the input 1201, which is conveyed to clock

 inputs 1208, 1218 and 1228 of the positive edge triggered D-type flip flops 1209,

1219 and 1229, respectively, and clock input 1266 of the N-bit counter 1268.

' The N-bit counter 1268 receives a signal at an enable/reset input 1264,
and a signal at é clock input 1266, and provides an output at the counter overflow
output 1270. If the signal received at the input 1264 is a logical one, the N-bit counter
1268 increments on the positive edge of each clock cycle, and the signal produced at

the counter overflow output 1270 is a logical zero, until it gets to a specified
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maximum value. On the clock cycle after the N-bit counter 1268 reaches its specified

- maximum value, the signal produced at the counter overflow output 1270 is a logical

one.

If the signal received at the input 1264 is a logical zero, the N-bit
counter 1268 is reset to a predetermined state, and the signal produced at the counter
overflow output 1270 is a logical zero. In the-exemplary embodiment, the
predetermined state is selected such that once the signal received at the enable/reset
input 1264 changes from a logical zero to a logical one, the counter overflow output
1270 will not change to a logical one until a time required for the largest possible
transient on the outpost of the main filter die out has passed.

A four input AND gate 1202 receives the inverse of a signal from the
data output 1210 of the positive edge triggered D-type flip flop 1209; a signal from
the data output 1220 of the positive edge triggered D-type flip flop 1219, a signal
from the data output 1230 of the positive edge triggered D-type flip flop 1229 and a
signal from the counter overflow output 1270 of the counter 1268. The output of the
four input AND gate 1202 is provided to a one input of a two input OR gate 1206. A
four input AND gate 1204 receives a signal from a data output 1210 of the positive
edge triggered D-typé flip flop 1209, the inverse of a signal from the data output 1220
of the positive edge triggered D;type flip flop 1219, the inverse of a signal from the
data output 1230 of the positive edge triggered D-type flip flop 1229, and a signal
received by the input 164. The output of the four inpﬁt AND gate 1204 is provided to
its other input of the two input OR gate 1206. The output of the two input OR gate
1206 is provided to the data input 1207 of the positive edge triggered D-type flip flop
1209. '

, A four input AND gate 1212 receives the inverse of a signal from a
data output 1210 of the positive edge triggered D-type flip flop 1209, the inverse of a

>signal from the data output 1220 of the positive edge triggered D-type flip flop 1219,.

a signal from the data output 1230 of the positive edge triggered D-type flip flop
1229, and a signal from the counter overflow output 1270 of the counter 1268. The
output of the four input AND gate 1212 is provided to one input of a three input OR
gate 1216. A four input AND gate 1214 receives the inverse of a signal from a data
output 1210 of the positive edge triggered D-type flip flop 1209, a signal from the
data output 1220 of the positive edge triggered D-type flip flop 1219, the inverse of a
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signal from the data output 1230 of the positive edge triggered D-type flip flop 1229
and a signal received by the input 166. The output of the four input AND gate 1214 is
provided to another input of the three ihput OR gate 1216. A four input AND gate
1215 receives a signal from a data output 1210 of the positive edge triggered D-type
flip flop 1209, the inverse of a signal from the data output 1220 of the positive edge
triggered D-type flip flop 1219, a signal from the data output 1230 of the positive
edge triggered D-type flip flop 1229, and a signal from the counter overflow output
1270 of the couhter 1268. The output of the four input AND gate 1215 is provided to.
the remaining input of the three input OR gate 1216. The three input OR gate 1216
provides its output to the data input 1217 of the positive edge triggered D-type flip
flop 1219.

A four input AND gate 1222 receives the inverse of a signal from a
data output 1210 of the positive edge triggered D-type flip flop 1209, the inverse of a
signal fro_rh the data output 1220 of the positive edge triggered D-type flip flop 1219,
the inverse of a signal from the data output 1230 of the positive edge triggered D-type
flip flop 1229, and a signal received by the input 166. The output of the four input
AND gate 1222 is provided to one input of a three input OR gate 1226. A four input
AND gate 1224 receives the inverse of a signal from a data output 1210 of the
positive edge triggered D-type flip flop 1209, a signal from the data output 1220 of
the positive edge triggered D-type flip flop 1219, the inverse of a signal from the data
output 1230 of the positive edge triggered D-typé flip flop 1229, and a signal received
by the input 166. The output of the four input AND gate 1224 is provided to another
input of the three input OR gate 1226. A four input AND gate 1225 receives a signal
from a data output 1210 of the positivé edge triggered D-type flip flop 1209, the
inverse of a signal from the data output 1220 of the positive edge triggered D-type flip
flop 1219, the inverse of a signal from the data output 1230 of the positive edge
triggered D-type flip flop 1229, and a signal received by the input 164. The output of
the four input AND gate 1225 is provided to the remaining inpht of the three input OR
gate 1226. The three input OR gate ]-226 provides its output to the data input 1227 of
the positive edge triggered D-type flip flop 1229.

The first D-type flip-flop 1209 holds the most signiﬁcani bit of the
current state of the gain control unit 180 until the next positive edge of the clock

signal received at the clock input 1201 of the gain control unit 180, at which time the
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most significant bit of the current state is provided at the output 1210 of flip-flop
1209. The second D-type flip-flop 1219 holds the second most Signiﬁcant bit of the
current state of the gain control unit 180 until the next positive edge of the clock
signal received at the clock input 1201 of the gain control unit 180, at which time the
second most significant bit of the current state is provided at the output 1220 of flip-
flop 1219. The third D-type flip-flop 1229 holds the least significant bit of the current
state of the gain control unit 180 until the next positive edge of the clock signalA
received at the clock input 1201 of the gain control unit 180, at which time the least
significant bit of the current state is provided at the output 1230 of flip-flop 1229.

A three input AND gate 1232 receives the inverse of a signal from the
data output 1210 of the positive edge triggered D-type flip flop 1209, the inverse of a
signal from the data output 1220 of the positive edge triggered D-type flip flop 1219,
and the inverse of a signai from the data output 1230 of the positive edge triggered D-
type flip flop 1229. The output of the three input AND gate 1232 is provided to 6ne
respective input of a two input OR gate 1246 and to one input of a three input OR gate
1252. A three input AND gate 1234 receives the inverse of a signal from the data
output 1210 of the positive edge triggered D-type flip flop 1209, the inverse of 2
signal from the data output 1220 of the positive edge triggered D-type flip flop 1219
and a signal from the data output 1230 of the positive edge triggered D-type flip flop
1229. The output of the three input AND gate 1234 is provided to one respective
input of a three input OR gate 1248 one input of a two input OR gate 1256, one input
ofa h&o input OR gate 1258, one input of a two input NOR gate 1260 and a first input
of a four input OR gate 1262. A three input AND gate 1236 receives the inverse of a
signal from the data output 1210 of the positive edge triggered D-type flip flop 1209, '
a signal from the data output 1220 of the positive edge triggered D-type flip flop 1219
and the inverse of a signal from the data output 1230 of the positive edge triggered.D-
typé flip flop 1229. The output of the three input AND gate 1236 is provided to
another input of the three input OR gate 1248, and another input of the three input OR
gate 1252. A three input AND gate 1238 receives the inverse of a signal from the
data output 1210 of the positive edge triggered D-type flip flop 1209, a signal from
the data output 1220 of the positive edge triggered D-type flip flop 1219 and asignal
from the data output 1230 of the positive edge triggered D-type flip flop 1229. The

" output of the three input AND gate 1238 is provided to one input of a two input OR
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gate 1250, the other input of the two input OR gate 1256 and a second input of the
four input OR gate 1262. A three input AND gate 1240 receives a signal from the
data output 1210 of the positive edge triggered D-type flip flop 1209, the inverse of a
signal from the data output 1220 of the positive edge triggered D-type flip flop 1219,

and the inverse of a signal from the data output 1230 of the positive edge triggered D-

type flip flop 1229. The output of the three input AND gate 1240 is provided to the
other input of the two iupﬁt OR gate 1250 and the remaining input of the three input
OR gate 1252. A three input AND gate 1242 receives a signal from the data output
1210 of the positive edge triggered D-type flip flop 1209, the inverse of a signal from
the data output 1220 of the positive edgé triggered D-type flip flop 1219 and a signal
from the data output 1230 of the positive edge triggered D-type flip flop 1229, the ‘
output of the three .input AND gate 1242 is provided to the remaining input of the
three input OR gate 1248, one input of a two input OR gate 1254 and a third input of
the four input OR gate 1262. A three input AND gate 1244 receives a signal from the
data output 1210 of the positive edge triggered D-type flip flop 1209, a signai from
the data output 1220 of the positive edge triggered D-type flip flop 1219 and the
inverse of a signal from the data output 1230 of the positive edge triggered D-type flip
flop 1229. The output of the three input AND gate 1244 is provided to the other input
of the btwo input OR gate 1246, the other input of the two input OR gate 1254, the
other input of the two input OR gate 1258, the other input of the two input NOR gate
1260 and a fourth input of the four input OR gate 1262.

The two input OR gate 1246 provides its output to an output terminal
186 The three input OR gate 1248 provides its outplit to output terminal 190. The
two input OR gate 1250 provides its output to output‘_tenninal 188. The three input
OR gate 1252 provides its output to output terminal 192. The two input OR gate 1254
provides its output to output terminal 194. The two input OR gate 1256 provides its
output to output terminal 196. The two input OR gate 1258 provides its output to
output terminal 197. The two input NOR gate 1260 provides its output to output
terminal 195. The four input OR gate 1262 provides its output to the input 1264 of
the counter 1268.

Fig. 13 illustrates an exemplary embodiment of the transconductor 332
in the main filter input gain unit 126 depicted in Fig. 3 in greater detail. The
transconductors 412, 420, 428 and 442 used in the Tow-Thomas biquad 132 depicted
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in Fig. 4, and 1042 used in peak detection 904 depicted in Fig. 10 are similar in
construction. The transconductor 332 includes an NMOS transistor Q;, an NMOS
transistor Qz, a PMOS transistor Q3;, a PMOS transistor Q4, an NMOS transistor Qs,
an NMOS transistor Qg, and a current source 1324.

A signal received by the positive input 328 of the transconductor 332 is
applied to the gate 1305 of the NMOS transistor Q;. The NMOS transistor Q; allows
current to flow from its source 1307 to its drain 1306, or vice versa, depending on the
signal at the gate 1305 and the relative voltages at its source 1307 and at its drain
1306. The drain 1306 of the NMOS transistor Q, is connected to the drain'1313 and
the gate 1311 of the PMOS transistor Qs, and the gate 1314 of the PMOS transistor
Qs. The source 1307 of the NMOS transistor Q, is connected to the drain 1318 of the
NMOS transistor Qs and the source 1310 of the NMOS transistor Q..

A signalreceived by the negative input 330 of the transconductor 332
is applied to the gate 1308 of the NMOS transistor Q,. The drain 1309 of the NMOS
transistor Q; is connected to the drain 1316 of the PMOS transistor Q, and the output
334 of the transconductor 332. The source 1310 of the NMOS transistor Q; is

" connected to the drain 1318 of the NMOS transistor Qs, and the source 1307 of the

NMOS transistor Q;.

»'I’he drain 1313 of the PMOS transistor Q; is connected to the drain
1306 of the NMOS transistor Q,, the gate 1311 of the PMOS transistor Qs, and the
gate 1314 of the PMOS transistor Q. The source 13>12 of the PMOS transistor Qs is
connected to supply voltage Vyq.
The source 1315 of the PMOS transistor Q4 is connected to supply -
voltage V4. ' ' :

The drain 1318 of the NMOS transistor Qs is connected to the source

1307 of theANMOS transistor Q, and the source 1310 of the NMOS transistor Q,. The
* source 1319 of the NMOS transistor Qs is connected to suppfy voltage V. The gate

1317 of the NMOS transistor Qs is connected to the gate 1320 and the drain 1321 of
the NMOS transistor Qg, and the negative terminal 1325 of the current source 1324.
The source 1322 of the NMOS transistor Qg is connected to supply A
voltage V. »
The current source 1324 produces a bias current Iy,s for the

transconductor 332. The bias current Iy, produced by the current source 1324
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controls the center frequency of the filter. The bias current I;,s of the transconductor
332 is adjusted to give a stable center frequency in the presence of fabrication
tolerances and temperature variations. The bias current Iy;,s can be any value, for
example 100 micro-amperes, and the transistors Q), Qz, Qs, Qq, Qs, Qs of the
transconductor 332 are scaled to yield the desired transconductances. The
transconductance for the transconductors is calculated using the equation:

Gm =lwt/ (Vos - V1), - ' ©)]

where I, is the current passing through the transistor Qs, Vr is the threshold voltage
of transistors Qs and Qg, and Vgs is the gate-source voltage of the transistors Qs, Q-
The linear range of the transconductor is related to the quantity Vgs - V1. Once the
bias current L,s has been set, the transistors Qs, Qs are scaled such that, the folldwing

equation is satisfied:

(Was/ Los) / (Was / Las) = Laar / It_n‘as, A )

where Wqs and LQ; are the width and length of the channel of NMOS transistor Qs,
respectively, and Wqe and Los are the width and length of the channel of NMOS
transistor Qg, respectively. The positive terminal of the current source 1324 is
‘connected to supply voltage Vg44. The preferred form of the currént source 1324 is a
resistor connected to the between the supply voltage Vgq and the drain 1321 and the
gate 1320 of the NMOS transistor Q. Each transconductor of the signal processing

system 100 may have the configuration of the transconductor 332,

Referring to F1g 14, there is shown an exemplai’y on/off
transconductor 342. The on/off transconductor 342 is identical to the transconductor -
332 shown in Fig. 13, except for the addition of a PMOS transistor Q; and an NMOS

transistor Qg. The PMOS transistor Q; is connected between the gate 1317 of the

NMOS transistor Qs and ground. The NMOS transistor Qg connected in series
between the gate 1320 of the NMOS transistor Qs and the gate 1317 of the NMOS
transistor Qs. The gate 1404 of NMOS transistor Q8 and the gate 1405 of the PMOS
transistor are both connected to the on/off input 340 of the on/off transconductor 342.
If the PMOS transistor Q; is turned off and the NMOS transistor Qs is tumed on by

the application of a logical one voltage level to their respective gate terminals 1404
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and 1405 via the on/off input 340,‘the on/off transconductor 342 operates in

. essentially the same manner as the transconductor 332 shown in Fig. 13. However, if

the PMOS transistor Q; is turned on and the NMOS transistor Qg is turned off by the
application of a logical zero voltage to the gate terminal 1404, the on/off
transconductor 342 is disabled and the output 344 of the on/off transconductor 342
acts as an open circuit. '

Referring now to Fig. 2, if the successive amplification factors of the

. main filter input gain unit 126, the main filter output gain unit 138, the auxiliary filter

input gain unit 106, and the auxiliary filter output gain unit 118 of the signal
processing system have a constant ratio to one another (i.e. if the main filter iilput
gain unit 106 has amplification factors of 10, 1 and 1/10), the signal processing
system 100 may be simplified. Signal processing system 1500 shown in Fig. 15 is
one such system. In the signal processing system 100 of Fig. 2 the auxiliary filter
output gain unit 118 amplifies a signal produced by the auxiliary filter 112 and
produces an outi)ut signal which is combined with the signal produced by the main
filter output gain unit 138 which amplifies a signal produced by the main filter 132. If
the successive amplification factors have a constant ratio, the signals produced by the
main filter 132 and the auxiliary filter 112 are ampliﬁéd by common factors and the>
signal from the auxiliary filter 112 is scaled by some additional factors. In the signal
processing system 1500 of Fig. 15, the signals produced by the modified auxiliary
filter 1510 and the main filter 132 are amplified by the main filter output gain unit
138, and the modified auxiliary filter 1510 internally amplifies the processed signal
by various amplification factors. The main filter output gain unit 138 is moved from
its location in the signal processing system 100 from between the main filter 132 and
the signal adder 144, as shown in Fig. 2, to between the signal adder 144 and the

system output 1514, as shown in Fig. 15. Moving the main filter output gain unit 138

- causes it to amplify the signal produced by the modified auxiliary filter 1510 and the

signal produced by the main filter 132. This simplified signal processing system 1500
is illustrated in Fig. 15.

Referring to Fig. 15, the signal précessing system 1500 includes a
system input 1502, a main filter input gain unit 126, a main filter 132, a main filter
output gain unit 138, an auxiliary filter input gain unit 106, a modified auxiliary filter
15v10, a signal adder 144, a system output 1514, a strengfh detector 160, and a gain
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control unit 180. The signal processing system 1500 generates a processed signal
provided to the system output 1514 with a strong in channel component v;/ell above
the filter noise, which is not disturbed when internal states of the signal processing
system 1500 are changed. The signal processing system 1500 accomplishes this ina
manner similar to the signal processing system 100. The signal processing system
1500 combines a signal processed by the modified auxiliary filter 1510 and a signal
processed by the main filter 132 whenever there is a change in an amplification factor

of the main filter input‘ gain unit 126 and a change in an amplification factor of the

‘main filter output gain unit 138. The signal processed by the modified auxiliary filter

1510 1s combined with the signal processed by the main filter 132 for a period of time
at Jeast as long as the amount of time it takes for transients in the signal processed by

the main filter 132 to die out. The transients in the signal processed by the modified

-auxiliary filter 1510 offset the transients in the signal processed by the main filter 132.

Therefore by combining the signal produced by the modified auxiliary filter 1510
with the signal produced by the main filter 132, transients in the signal at the system
output 1514 of the signal processing system 1500 are avoided when the amplification
factor of the main filter input gain unit 126 and the amplification factor of the main
filter output gain unit 138 are changed. .

A signal received at system input 1502 is applied to an input 124 of the
main filter input gain unit 126, as describéd above in relation to Figs. 2 and 3, and an
input 104 of the auxiliary filter input gain unit 106, described above in relation to
Figs. 2 and 6. The output 128 of the main filter input gain unit 126 is coupled to an

input 130 of the main filter 132, as described above in relation to Figs. 2 and 4, and an

input 162 of the strength detector 160, as described above in relation to Figs. 2,9, 10
and 11. The output 134 of the main filter 132 is connected to the input 142 of the -

‘signal adder 144, as described above in relation to Figs. 2 and 8.

The output 108 of the auxiliary filter inpﬁt gain unit 106 is connected
to an input 1504 of the modified auxiliary filter 1510. The modified auxiliary filter
1510 incorporates the functionality of the auxiliary filter 112 and some of the
ﬁmctioriality of the auxiliary filter output gain unit 118. The modified auxiliary filter
1510 processes the signal in the same manner as i,he auxiliary filter 112, described
above with reference to Figs. 2 and 4, and it amplifies the processed signal by one of

two amplification factors. The modified auxiliary filter 1510 will be discussed in
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more detail below with reference to Fig. 16. An output 1512 of the modified auxiliary
filter 1510 is connected to the input 122 of the signal adder 144, as described above in
relation to Figs. 2 and 8. The output 146 of the signal adder 144 is connected to the
input 136 of the main filter output gain unit 138, as described above in r_elation to
Figs. 2 and 5. The output 140 of the main filter output gain unit 138 is connected to
the system output 1514.-' . ‘ .

The outputs 164, 166 of the strength detector 160 are connected to the
inputs 182, 184, respectively, of theAgain control unit 180, as described above in
relation to Figs. 2 and 12. The outputs 186, 188 of the gain control unit 180 are

.con_nected to the inputs 156, 158, respectively, of the main filter input gain unit 126.

The outputs 186, 188, 192 of the gain control unit 180 are connected to the inputs
150, 152, 154, respectively, of the auxiliary filter input gain unit 106. The outputs
194, 196 of the gain control unit 180 are qonnected to the inputs 1506, 1508,
respectively, of the modified auxiliary filter 1510. And the outputs 186, 188, 190 of
the gain control unit 180 are connected to the inputs 181, 179, 178, respectively, of
the main filter output gain unit 138.

Fig. 16 illustrates an exemplary embodiment of the modified ‘auxiliary
filter 1510 which is in the form of a modified standard Tow-Thomas biquad. The
standard Tow-Thomas biquad is modified to incorporate output amplification. The
modified adxiliary filter 1510 includes an input 1504, a gain control input 1506, a
gain control input 1508, a signal output 1512, a transconductor 1612, a transconductor
1620, a transconductor 1628, a transconductor 1642, a transconductor 1655, a
capacitor 1604, a capacitor 1634, a switch 1662, a switch 1670; a switch 1678, and a
switch 1686. Switches 1662, 1670, 1678 and 1686 may be implemented as CMOS
transmission gates. The center frequency o of the modified auxiliary filter 1510 can
be calculated by the equation:

@=QGm/C - 1)

where Q is the quality factor of the modified auxiliary filter 1510 and
Gn, is the transconductance of transconductor 1612, The absolute values of the
transconductances and capacitances of the mbdiﬁed auxiliary filter 1310 can be scaled
by the same factor, i.c., impedance scaling, without éffecting the transfer function of

the modified auxiliary filter 1510, since the transfer function depends on the ratios of
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these values. Impedance scaling does not change the transfer function of the modified
auxiliary filter 1510; however, it does change the power dissipation and the noise
level of the modified auxiliary filter 1510. In addition to filtering the signal received
at the input 1504, the modified auxiliary filter 1510 amplifies the signal according to
the signals received at the inputs 1506, 1508. If the input 1506 receives a ldgical zero

~ voltage level signél and the input 1508 receives a logical zero voltage level signal,

which cause switches. 1662 and 1672 to both open, and switches 1670 and 1686 to

* both close, the output 1512 of the auxiliary filter is an open circuit, and therefore the

modified auxiliary filter 1510 does not contribute anything to the output signal
produced at the system output 1514. If the input 1506 receives a logical one voltage
level signal and the input 1508 receives a logical zero voltége level signal, which’ '
causes switches 1662 and 1686 to both close and, switches 1678 and 1670 to both
open, the output signal is amplified by 9Gy,,. If the input 1506 receives a logical zero
voltage level signal and the input 1508 receives a lo'gical one voltage level signal,
which causes switches 1662 and 1686 to both open, and switches 1678 and 1670 to
both close, the outpﬁt signal is amplified by -9/10 G, The inputs 1506 and 1508
should not both receive logical one voltage level signals at thé same time.

A signal received by the input 1504 of the modiﬁéd auxiliary filter
1510 s 5pplied to a terminal 1602 of the capacitor 1604, a negative input 1608 of the
transconductor 1612, an outpuf 1614 of the transconductor 1612, a positive input 1616
of the transconductor 1620, and an output 1630 of the transconductor 1628. These
connections form a node 1650. The other terminal 1606 of the capacitor 1604 is
connected to ground. The capacitor. 1604 integrates the current signals provided to
node 1650 by the outputs of transconductors 1612 and 1628.

The transconductor 1612 6perates on the difference between the
voltage signal received at a positive ihput 1610, which is connected to ground, and the
voltage signal received at the negative input 1608, and provides a current signal at its
output 1614. The signal at the current output 1614 of the transconductor 1612 is
equal to the 'd_iﬁ'crencé between the voltage signal received by its positive input 1610,
which is connected to ground, and the signal received by its negative input 1608,
which is the voltage at terminal 1602 of the capacitor 1604, scaled by its
transconductance Gr,. As explained above, the output 1614 of the transconductor
1612 together with one terminal 1602 of the capacitor 1604, the negative input 1608

42

. IPR2024-00816
Apple EX1002 Page 220

IPR2023-00818
Theta EX2019



WO 02/056470 - : PCT/US02/04669

10

15

20

25

30

of the transconductor 1612, the input 1504, the positive input 1616 of the
transconductor 1620 and the output 1630 of the transconductor 1628 form node 1650.
The transconductor 1612 forms a feedback loop at at the node 1650.

The transconductor 1620 operates on the difference between the
voltage signal received at its positive inpﬁt 1616, which is the voltage at terminal
1602 of the capacitor 1604, and the voltage signal received at its negative input 1618,
which is connected to ground, and provides a current signal at ité output 1622. The
current signal at the output 1622 is equal to the difference between the voltage signal
received by the positive input 1616, which is node 1650, and the voltage signal
received by the negative inpuf 1618, scaled by a transconductance QGm. The output
1622 of the transconductor 1620 together with one terminal 1632 of a capacitor 1634,
a positive 'input 1638 of the transconductor 1642, the positive input 1652 of the ‘
transconductor 1655 and a negative input 1624 of the transconductor 1628 form node
1651. The other terminal 1636 of the capacitor 1634 is connected to ground. The
capacitor 1634 integrates the current provided to node 1651 by the output 1622 of
transconductor 1620. , _

The transconductor 1628 operates on the difference between the
voltage signal received at its positive input 1626, which is connected to ground and
the voltage signal r‘eceived at its negative input 1624, which is voltage at terminal
1632 of the capacitor 1634, and provides a signal at its output 1630 which is
connected to node 1650. The current signal at the output 1630, which is connected to
node 1650, is equal to the difference in the signal received by the positive input 1626
and the signal received by the negative input 1624, which is connected to node 1651,
of the transconductor 162.8; scaled by a transconductance QGm.

The transconductor 1642 operates on the difference between the
positivé input 1640, which is connected to grouﬁd, and the signal received at its
negative input 1638, which is the voltage. at terminal 1632 of the capacitor 1634, and
providés a current signal at an output 1644. The signal at the output 1644 is equal to
the difference between the voltage signal received by the positive input 1638, which is
node 1651, and the signal received by the negative input 1640 of the transconductor
1642, scaled by a transconductance 9/10 G, The output 1644 of the transconductor
1642 is coupled to a signal input 1674 of the switch 1678 and a terminal 1682 of the
switch 1686. A signal output 1680 of the switch 1678 is connected to the signal
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output 1512. A terminal 1688 of the switch 1686 is connected to ground. The switch
control terminal 1676 of the switch 1678 and the inverted switch control terminal
1684 of the switch 1686 are connected to the input 1508. If the input 1508 receives a
logical one voltage level signal, the switch 1678 connects its signal input 1674 and its
signal output 1680, which connects the output 1644 of the transconductor 1642 to the
output 1512, and the switch 1686 disconnects its terminal 1682 from its terminal
1688. If the input 1508 receives a logical zero voltage level signal, the switch 1678
disconnects its signal input 1674 and its signal output 1680, and the switch 1686 |
connects its terminal 1682 to its terminal 1688, which connects the output 1644 of the
transconductor 1642 to ground. A

The transconductor 1655 operates on the difference between the
positive input 1652, which is the voltage at terminal 1632 of the capacitor 1634, and
the signal received at its negative input 1653, which is connected to ground, and
provides a current signal at an output 1656. The signal at the output 1656 is equal to
the difference between the voltage signal received by the positive input 1652, which is
node 1651, and the signal received by the negative input 1653 of the transconductor
1655, scaled by a transconductance 9 Gn,. The output 1656 of the transconductor
1655 is coupled to a signal input 1658 of the switch 1662 and a terminal 1666 of the
switch 1670. A signalvoutput 1664 of the switch 1662 is connected to the signal
output 1512. A terminal 1672 of the switch 1670 is connected to ground. The switch
control terminal 1660 of the switch 1662 and the inverted switch control terminal
1668 of the switch 1670 are connected to the input 1506. If the input 1506 receives a
logical one voltage level signal, the switch 1662 connects its signal input 1658 and its
signal output 1664, which connects the output 1656 of the transconductor 1655 to the
output 1512, and the switch 1670 disconnects its terminal 1666 from its terminal
1672. If the input 1506 receives a logical zero voltage level signal, the switch 1662
disconnects its signal input 1658 and its signal output 1664, and the switch 1670

connects its terminal 1666 and its terminal 1672, which connects the output 1656 of

the transconductor 1655 to ground.

In an exemplary embodiment of the modified auxiliary filter 1510, the
capacitance of the capacitors 1604 and 1634 are each 80v |. the quality factor, Q, is
20, and the transconductance Gy, is 50. '
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In another exemplary embodiment of the modified auxiliary filter
1510, a first diode (not shown) and a second diode (not shown) are connected to the
node 1650. The cathode of the first diode is connected to the node 1650 and an anode
of the first diode is connected to ground. The anode of the second diode is connected
to‘the node 1650 and a cathode of the second diode is connected to ground. This
an'aﬁ gement limits the voltage swing at the node 1650 to approximately £ 0.7 volts. -

In still another exemplary embodiment of the modified auxiliary filter
1510, a first diode (not shown) and a second diode (not shown) are connected to the
input 1504. The cathode of the first diode is connected to the input 1504 and an
anode of the first diode is connected to-ground. The anode of the second diode is
connected to the input 1504 and a cathode of the second diode is-connected to ground.
This arrangement limits the voltage swing at the input 1504 to approximateiy 0.7
volts.

In yet another exemplary embodiment of the modified auxiliary filter
1510, a first diode (not shown) and a second diode (not shown) are connected to the
output 1510. The cathode of the first diode is connected to the output 1510 and an
anode of the first diode is connected to ground. The anode of the second diode is
connected to the output 1510 and a cathode of the second diode is connected to
ground. This arrangement limits the voltage swing at the output 134 to approximately
+ 0.7 volts. .

Fig. 17 illustrates Asignal processing system 1700. If the signal
processing system 1500, shown in Fig. 15, processes a signal with an out-band
component which is large as compared to the in-ba.ndbomponent it may be desirable
to take the output of the main filter output gain unit 138 as the system output,
however, if the signal processing system 1500 processes a signal with an out-band
component which is not large as compa_red to the in-band component of the signal it
may be desirable to take the sysiem outﬁut from another location. The signal
proceésing system 1700 is configured to take the output of the main filter output gain
unit 138 as the system output 1718 when the signal received at the input 1702 has a
large out-band component relative to the in-band component, and take the system

output from another location, here an output 1710 of a multi-output main filter 1708,

if the signal received at the input 1702 does not have a large out-band component
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relative to the in-band component. In the present embodiment, the out-band
component is large compared to the in-band component of the signal received at the
input 1702 if the voltage envelope of the signal received at an input 1704 of the multi-
output main filter 1706 is at least 10 dB greater than the voltage envelope of the signal
produced at the output 1710 of the multi-output maiﬁ filter 1706.

The signal processing system 1700 includes a system input 1702, a
main filter input gain unit 126, a multi-output main filter 1706, a main filter output
gain unit 138, an auxiliary filter input gain unit 106, a modified auiiliary filter 1510, a
signal adder 144, a switching unit 1716, a system output 1718, a first peak detector
904, a second peak detector 904, a threshold detector 910, a threshold detector 916, an
inverter 922, an inverter 928, an inverter 934, a comparison circuit 1724, and a gain
control unit 180. The signal processing system 1700 generates a processed signal
provided to the system output 1718 with a strong in channel component well above
the filter noise, which is not disturbed when internal states of the signal processing
system 1700 are changed. The signal processing system 1700 accomplishes this in a

.manner similar to the signal processing systems 100 and 1500 if the out-band

component of the signal received at the system input 1702 is large compared to the in-
band component. If the out-band component of the signal received at the system
input 1702 is large compared to the in-band component, the signal processing system
1700 combines a signal précessed by the modified auxiliary filter 1510 and a signal
processed By the multi-output main filter 1706 whenever there is a change in an
ampliﬁcation factor of the main filter input gain unit 126 and an amplification factor
of the main filter output gain unit 138. The signal procesSed by the modified auxiliary
filter 1510 is combined with the signal processed by the multi-output main filter 1706
for a period of time at least as long as the amount of time it takes for transients in the
signal processed by the multi-output main filter 1706 to die out. The transients in the
signal processed by the modified auxiliary filter 1510 offset the transients in the
signal prdcessed by the multi-output main filter 1706. Therefore by combining the
signal produced by the modified auxiliary filter 1510 with the signal produced by the
multi-output main filter 1706, transients in the signal at the systeni output 1718 of the
signal processing system 1700 are avbided when the amplification factor of the main
filter input gain unit 126 and the amplification factor of the main filter 6utput gain

unit 138 are changed. If the out-band component of the signal received at the system
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input 1702 is not large compared to the in-band component, the signal processing
system 1700 produces the output 1710 of the multi-output main filter 1706 at the
system output 1718, because the transients present in the signal produced at the output
1710 of the multi-output main filter 1706 are relatively minor, and the voltage
amplitude of the signal produced at the output 1710 remains large Whether the signal
at the system input 1702 has a large or small voltage envelope.

' A signal received at systerﬁ input 1702 is applied to an input 124 of the
main filter input gain unit 126, as described above in relation to Figs. 2 and 3, and an’
input 104 of the auxiliary filter input gain unit 106, described above in relation to
Figs: 2 and 6. The output 128 of the main filter input gain unit 126 is coupled to the
input 1704 of the multi-output main filter 1706 and an input 902A of the first peak
detector 904, as described above in relation to Figs. 2, 9 and 10. An output 1708 of
the multi-output main filter 1706 is connected to the input 142 of the signal adder 144,
as described above in relation to Figs. 2 and 8. An output 1710 of the mﬁlti-output
rﬁain filter 1706 is connected to an input 1714 of the switching unit 1716 and an input
902B of the second peak detector 904, as described above in relation to Figs. 2, 9 and
0. ‘

The output 108 of the auxiliary filter input gain unit 106 is connected
to an input 1504 of the modified auxiliary filter 1510, as described above in relation to .
Figs. 15 and 16. An output 1512 of the modified auxiliary filter 1510 is connected to
the input 122 of the signal adder 144, as described above in relation to Figs. 2 and 8.
The output 146 of the signal adder 144 is connected to the input‘ 136 of the main filter
output gain unit 138, as described above in relation to F igs. 2 and 5. The output 140
of thé main filter output -gain unit 138 is connected to an input 1712 of the switching
unit 1716. ' : . »
The output 906B of the first peak detector 904 is connected to the input

908 of the threshold detector 910, the ini)ut 914 of the threshold detector 916, and an

inp\it 1720 of the comparison circuit 1724. The output 912 of the threshold detector
910, as described above in relation to Figs. 2, 9 and 11, is connected to the input 920
of the inverter 922. The output 924 of the inverter 922 is connected to the input 926
of the inverter 928. The output 930 of the inverter 928 is connected to the input 182

of the gain control unit 180, as described above in relation to Figs. 2 and 12. The

output 918 of the threshold detector 916, as described above in relation to Figs. 2, 9
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and 11, is connected to the input 932 of the inverter 934. The output 936 of the
inverter 934 is connected to the input 184 of the gain control unit 180, as described
above in relation to Figs. 2 and 12. '

The output 906B of the second peak detector 904 is connected to an
input 1722 of the comparison circuit 1724. 'An output 1726 of the comparison circuit
1724 is connected to a switch control terminal 1715 of the switching unit 1716. An

. output 1719 of the switching unit 1716 is connected to the system output 1718. If the

signal received at the switch control terminal 1715 is a logical one voltage level the
switching unit connects the input 1712 to the output 1719. Receiving a logical one
voltage level signal at the input 1715 indicates that the voltage envelope of the signal
received at the input 1704 of the multi-output main filter 1706 as determined by the
first peak detector 904 is within 10 dB of the voltage envelope of the signal produced
at the output 1710 of the multi-output main filter 1706 as determined by the second
peak detector 904, as compared by»coinparison circuit 1724. If the signal received at
the switch control terminal 1715 is a logical zero voltage level the switching unit
connects the input 1714 to the output 1719. Receiving a logical zero voltage level
signal at the input 1715 indicates that the voltage envelope of the signal received at
the input 1764 of the multi-output main filter 1706, as detemﬁﬁed by the first peak

. detector 904, is not within 10 dB of the voltage envelope of the signal produced at the

output 1710 of the multi-output main filter 1706 as determined by the second peak
detector 904, as compared by the comparison circuit 1724.

The outputs 186, 188 of the gain control unit 180 are connected to the
inputs 156, 158, respectively, of the main filter input gain unit 126. The outputs 186,
188, 192 of the gain control unit 180 are connected to the inputs 150, 152, 154,
respectively, of the auxiliary filter input gain unit 106. The outputs 194, 196 of the
gain control unit 180 are connected to the inputs 1506, 1508, respectively, of the

" modified auxiliary filter 1510. And the outputs 186, 188, 190 of the gain control unit

180 are connected to the inputs 181, 179, 178, respectively, of the main filter output
gain unit 138. In the signal processing syétem 1700, the outputs 195 and 197 of the
gain control unit 180 shown in Fig. 12 are not necessary, and are therefore not
connected. | ‘

Fig. 18 illustrates an exemplary embodiment of the multi-output main
filter 1706 which is in the form of a slightly altered standard Tow-Thomas biquad.
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The multi-output main filter 1706 differs from the main filter 132 in that the multi-
output main filter 1706 includes an additional 6utput 1710. The output 1710 follows
the voltage that is presented at a node 1851 of the multi-output main filter 1706. The
node 1851 provides an output signal that has undergone input amplification but no
output amplification. The multi-output main filter 1706 includes an input 1704, a.
transconductor 1812, a transconductor 1820, a transconductor 1828, a transconductor
1842, an operational amplifier 1852, a capacitor 1804, a capacitor 1834, an output -
1708, and an output 1710. The center ﬁ'equency wp of the multi-output main filter
1706 can be calculated by the equation: -

00 =QGn/C ' @)

where Q is the quality factor of the multi-output main filter 1706 and
Gn is the transconductance of transconductor 1812. The absolute value of the
transconductances and capécitances can be scaled by the same factor, i.e., impedance
scaling, without affecting the transfer function of the multi-output main filter 1706,
since the transfer function depends on the ratios of these values. Impedance scaling
does not change the transfer function of the multi-output main filter 1706; however, it
does change the power dissipation and the noise level of the multi-output main filter
1706. | |

A signal received by the input 1704 of the multi-output main filter
1706 is applied to a terminal 1802 of the capacitor 1804, a negative input 1808 of the
transconductor 1812, an output. 1814 of the transconductor 1812, a positive input 1816
of the transconductor 1820, and an output 1830 of the transconductor 1828. These
connections form a node 1850. The other terminal 1806 of the capacitor 1804 is

connected to ground. The capacitor 1804 integrates the current signals provided to

node 1850 by the outputs of transconductors.

The transconductor 1812 operates on the difference between the
voltage signal received at its‘positiVe input 1810, which is connected to ground, and
the voltage signal received at its negative input 1808, and providés a current signal at
its output 1814. The siénal at the current output 1814 of the transconductor 1812 is
equal to the difference between the voltage signal received by its positive input 1810,
which is connected to ground, and the signal received by its negétive input 1808,
which is the voltage at terminal 1802 of the capacitor 1804, scaled by its
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transconductance Gp. As explained above, the output 1814 of the transconductor
1812 together with one terminal 1802 of the capacitor 1804, the negative input 1808
of the transconductor 1812, the input 1704, the positive input 1816 of the
transconducfor 1820 and the output 1830 of the transconductor 1828 form node 1850.
The transconductor 1812 forms a feedback loop with the node 1850.

The transconductor 1820 operates on the difference between the
voltage signal received at its positi?e input 1816, which is the voltage at terminal
1802 of the capacitor 1804, and the voltage signal receivéd at its negative input 1818,
which is connected to ground, and provides a current signal at its .output 1822. The
current signai at the output 1822 is equal to the difference between the voltage signal
received by the positive input 1816, which is connected to node 1850, and the voltage
signal received by the negatii'e input 1818, scaled by a transconductance QGn. The
common connection of the output 1822 of the transconductor 1820 together with one
terminal 1832 of a capacitor 1834, a positive input 1838 of the transconductor 1842, a
negative input 1824 of the transconductor 1828, and a positive input 1846 of the
operational amplifier 1852 form node 1851. The other terminal 1836 of the capacitor
1834 is connected to ground. The capacitor 1834 integrates the current provided to
node 1851 by the output 1822 of transconductor 1820,

~ The transconductor 1828 operates on the difference between the
voltage signal received at its positive input 1826, which is connected to ground, and
the voltage signal received at its negative input 1824, which is voltage at terminal
1832 of the capacitor 1834, and provides a signal at its output 1830, which is
connected to node 1850. The current signal at the output 1830, which is connected to
node 1850, is equal to the difference in the sigrial received by the positive input 1826
and the signal reéeived by the negative input 1824, which is connected to node 1851,
of the transconductor 1828, scaled by a transconductance QGnm.

The transconductor 1842 operates on the difference between the signal
received at its positive input 1838, which is the voltage at terminal 1832 of the
capacitor 1834, and the voltége signal received at its negative input 1840, which is
connected to ground, and provides a current signal at an output 1844. The signal at

the output 1844 is equal to the difference between the voltage signal received by the

" positive input 1838, which is connected to node 1851, and the signal received by the

negative input 1840 of the transconductor 1842, scaled by a transconductance G,
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The output 1844 of the transconductor 1842 is coupled to the output 1708 of the
multi-output main filter 1706.

The operationai amplifier acts as a buffer between the node 1851 and
the output 1710. The voltage at the output 1710 will follow the voltage at the
terminal 1832 of the capacitor 1834. An output 1854 of the operational amplifier
1852 is connected to a inverting input 1848 of the operational amplifier 1852 and the
output 1710.

In an exemplary embodiment of the multi-output main filter 1706, the
capacitance of the capaéitors 1804 and 1834 are each 80 pf. the quality factor, Q,is
20, and the transconductance Gp, is 50. -

In another exémplary embodiment of the multi-output main filter 1706,
a first diode (not shown) and a second diode (not shdwn) are connected to the node
1850. The cathode of the first diode is connected to the node 1850 and an anode of
the first diode is connected to ground. The anode of the second diode is connected to
the node 1850 and a cathode of the second diode is connected to ground. This
arrangement limits the Qoltage swing at the node 1850 to approximately + 0.7 volts.

In still another exemplary embodiment of the multi-output main filter
'170'6, a first diode (not shown) and a second diode (not shown) are conngéted to the
input 1704. The cathode of the first diode is connected to the input 1704 and an
anode of the first diode is connected to ground. The anode of the second diode is
connected to the input 1704 and a cathode of the second diode is connected to ground.
This arrangement limits the voltage éwing at the input 1704 to approximately £ 0.7
volts. ‘

In yet another exemplary embodiment of the multi-output main filter
1706, a first diode (not shown) and a second diode (not shown) are connected to the
output 1708. The cathode of the first diode is connected to the output 1708 and an
anode of the first diode is connected to ground. The ariodg of the second diode is
connected to the output 1708 and a cathode of the second diode is connected to
ground. This arrangement limits the voltage swing at the output 1708 to
approximately £ 0.7 volts. . ,

Fig. 19 illustrates an exemplary embodiment of the comparison circuit

1724 shown in Fig. 17 in greater detail. The comparison circuit 1724 determines
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"whether the voltage signal received at its input 1720, which is representative of the

voltage envelope of the signal received at the input 1704 of the muiti-output main
filter 1706 as determined by the ﬁrét peak detector 904, is more than 10 dB greater
than the voltage signal received at its input 1722. The voltage signal at input 1722 is
representative of the voltage envelope of the signal produced at the output 1710 o_f the
multi-output main filter 1706 as determined by the second peak detector 904. The

‘comparison circuit 1724 includes an NMOS transistor Q;, an NMOS transistor Q,, a

PMOS transistor Qs, a PMOS transistor Qs, an inverter 1942, and an inverter 1948. A
signal received by the input 1722 of the comparison circuit 1724 is applied to the gate
1902 of the NMOS transistor Q;; and a signal received by the input 1720 of the
compaﬁson circuit 1724 is applied to the gate 1912 of the NMOS transistor Q,.

The PMOS transistor Q3 and the PMOS transistor Q4 form a current
mirror. The source 1924 of the PMOS transistor Qs, and the source 1934 of the
PMOS transistor Qs are both connected to supply voltage Vq4. The gate 1922 of the
PMOS transistor Q; is connected to the gate 1932 of the PMOS transistor Q4, the
drain 1926 of the PMOS transistor Q, and the drain 1906 of the NMOS transistor Q).
The drain 1936‘of the PMOS transistor Q, is connected to the drain 1916 of the
NMOS transistor Q; and an input 1940 of the inverter 1942. And the source 1904 of
the NMOS transistor Q) and the source 1914 of the NMOS transistor Q; is connected
to supply voltage V. ' '

The voltage of the signal received at the input 1722, which is
representative of the voltage envelope of the signal produced at the output 1710 of the
multi-output main filter 1706, as determined by the second peak detector 904, causes
a current to flow through the. NMOS transistor Q;. Likewise, the voltage of the signal
received at the input 1720, which is répresentative of the voltage envelope of the
signal received at the input 1704 of the multi-output main filter 1706, as determined
by the first peak detector 904, will cause a current to flow through the NMOS
transistor Q2. The PMOS transistor Q4 is dimensioned such that the width to length
ratio of the transistor is 3 times that of the PMOS transistor Qs. Therefore, the current
mirror will create a current flowing from the source 1934 to the drain 1936 of the
PMOS transistor Qg that is 10 dB greater than the current flowing through the NMOS
transistor Q,. If the current flowing through the PMOS transistor Q, is greater than
the current flowing through the NMOS transistor Q,, the voltage envelope of the
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signal received at the input 1704 of the multi-output main filter 1706 is not more than
10 dB larger than the voltage of the signal produced at the output 1710 of the multi- .
output main filter 1706. Therefore, charge will collect at the input 1940 of the
inverter 1942, and an output 1944 of the inverter 1942 will be driven to a logical zero
voltage level. If the current flowing through the PMOS transistor Qq is less than the
current flowing through the NMOS transistor Q,, the voltage envelope of the signal
received at the input 1704 of the multi-output main filter 1706 is more than 10 dB
larger than the voltage of the signal produced at the output 1710 of the multi-output
main filter 1706. Therefore, transistor Q, will sink charge from the input 1940 of the
inverter 1942, and the output 1944 of the inverter 1942 will be driven to a logical one
voltage level. ’ :

" The output 1944 of the inverter 1942 is connected to an input 1946 of
the inverter 1948. An output 1950 of the inverter 1948 is connected to the output
1726. The inverters 1942 and 1948 serve to “clean up” (i.e. make the logical zero to
logical one voltage level signal transitions and the logical one to logical zero voltage

level signal transitions more abrupt) the signal produced by the drain 1936 of the

" PMOS transistor Qa.

Fig. 20 illustrates an exemplary embodiment of the switching unit
1716 as shown in Fig. 17. The switching unit 1716 includes an input 1712, an input
1714, an input 1715, a first switch 2006, a second switch 2014 and an output 1719.
The switching unit 1716 provides one of the signals received at the inputs 1712, 1714
to the output 1719 in response to a signal received at the input 1715. If the signal
received at the input 1715 is a logical one voltage level (i.e., 5 V), switch 2014 closes
while switch 2006 opens, and the signal received at the input 1714 is provided to the
output 1719. A logical one voltage level signal received at the input 1715 is
representative of the vditage envelope of the signal received at the input 1704 of the
multi-output main filter 1706, as determined by the first peak detector 904, being not

_ miore than 10 dB greater than the voltage signal received at its input 1722. The

voltage signal received at the input 1722 is representative of the voltage envelope of
the signal produced at the output 1710 of the multi-output main filter 1706, as
determined by the second peak detector 904 and as compared by the comparison
circuit 1724. If the signal received at the input 1715 is a logical zero vdltage level,

switch 2014 opens while switch 2006 closes, and the signal received at the input 1712
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is provided to the output 1719. A logical zero voltage level signal received at the
input 1715 is representative of the voltage envelope of the signal received at the input
1704 of the multi-output main filter 1706, as determined by the first peak detector
904, being more than 10 dB greater than the voltage signal received at its input 1722,
The voltage signed received at the input 1722 is representative of the voltage
envelope of the signal produced at the output 1710 of the multi-output main filter
1706 as determined by the second peak detector 904 and as compa:ed by the
comparison circuit 1724. Switches 2006 and 2014 may each be implemented as
CMOS transmission gates. :

A signal received at the input 1712 is applied to one terminal 2002 of
the first switch 2006; a signal received at the input 1714 is applied to one terminal
2010 of the second switch 2014; and a signal received at the input 1715 is applied to
the switch control terminal 2012 of the second switch 2014 and the inverting switch
control terminal 2004 of the first switch 2006. The first switch 2006 closes to connect
its terminal 2002 to its other terminal 2008 if the signal received at the inverting
switch control terminal 2004 is a logical zero voltage level (i.e., ground potential). If
the signal at the inverting switch control terminal 2004 is a logical one voltage level
(i.e., 5 V), the first switch 2006 opens to disconnect its terminal 2002 from its other
terminal 2008 resulting in an open circuit between those terminals. The other

terminal 2008 of the first switch 2006 is connected to the outf)ut 1719 of the switching

unit 1716.

The second switch 2014 closes to connect its terminal 2010 to its other
terminal 2016 if the signal received at the switch control terminal 2012 is a logical
one voltage level. If the signal at the switch control terminal 2012 is a lo gical iero
voltage level, the second switch 2014 opens to disconnect its terminal 2010 from its
other terminal 2016 resulting in an open circuit between those terminals. The other
terminal 2016 of the second switch 2014 is connected to the output 1719 of the
switching unit 1716.- ’

It should be appreciated that in an alternate embodiment, the main
filter output gain umt 138 may be implemenfed in the digital domain, by using an
analog to digital converter to create a digital representation of the analog signal and a
multiplier and multiplying a digitized representation of the signal received at the input

136 by a digitized representation of one of the amplification factors.
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CLAIMS

1. An active filter system comprising:
' * asystem input for receiving a system input signal ;
a system output for providing a system output signal,
a first iﬁput gain circuit having a signal input coupled to the system
input for receiving the system input signal, a gain control input and an output for
providing a first amplified system input signal, the first input gain circuit being

responsive to a first gain control signal received by the gain control input for

‘amplifying the system input signal by a first amplification factor to obtain the first

amplified system input signal, and being responsive to a second gain control signal
received by the gain control input for amplifying the system input signal by a second
amplification factor to obtain the first amplified system input signal;

a first filter circuit having an input coupled to the output of the first
input gain circuit, and an output, the first filter circuit being responsive to the first
amplified system input signal received at its input for providing a first f)rocessed
signal at its output;

a first oﬁtput gain circuit having a signal input coupled to the output of
the first filter circuit for receiving the first processed signal,>a gain control input and
an output for providing a first amplified processed signal, the first output gain circuit
being responsive to the first gain control signal received by its gain control input for
amplifying the first processed signal received at its signal input by a third
amplification factor to obtain the first amplified processed signal and responsive to a
second gain control signal received by its gain control input for-amplifying the first
processed output signal received at its signal input by a fourth amplification factor to
obtain the first amplified processed signal; '

a second input gain circuit having a signal input coupled to the system
input for receiving the system input signal, a gain control input, an output control
input, and an output for providing a second amplified system input signal, the secohd
input gain circuit being responsive to the first gain control signal received by its géin
control input for amplifying the system input signal by the first amplification factor to
obtain the second amplified system input signal and being responsive to the second

gain control signal received by its gain control input for amplifying the system input
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signal by the second amplification factor to obtain the second amplified system input
signal, and the second input gain circuit being responsive to a first output control
signal rgceived by.its output control input for provi.ding the second amplified system
input signal to its output and responsive to a second output control signal for causing
its output to be an open circuit; _

a second filter circuit having an input coupled to the output of the
second ihput gain circuit, and an output, the second signal processing circuit being
responsive to the second amplified system input signal received by its input for
providing a second processed signal at its output;

a second output gain circuit having a signal input coupled to the output
of the second filter circuit for receiving the second processed signal, a gain control
input, a polarity control input, an output control input, and an output for providing one
of an auxiliary output signal and ground, the second output gain circuit being
responsive to a third gain control signal receiired by its gain control input for
amplifying the second processed signal by a fifth amplification factor to obtain an
amplified second processed signal, and being responsive to a fourth gain control
sigﬁal received by its gain control input for amplifying the second processed signal by
a sixth amplification factor to obtain the amplified second processed signal, the ’
second output gain circuit being responsive to a first polarity gain control signal
received by its polarity control input for inverting the amplified second processed
signal to obtain the auxiliary output signal, and being responsive to a second polarity
gain control signal received by its polarity control input for amplifying the amplified
second processed signal by a unity gain to obtain the auxiliary output signal, the
second output gain circuit being responsive to a first output control signal received by
its output control input for connecting its output to ground, and being responsive to a
second output control signal received by its output control input for providing the
auxiliary output signal at its output;

a signal adding circuit having a first input coupled to the output of the
first output gain circuit, a second input coupled to Ithe output of the second output gaiﬁ
circuit, and an output coupled to the system output, the signal addiﬁg circuit
combining the first amplified processed signal provided by the output of the first
output gain circuit, and one of the auxiliary output signal and ground provided by the
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output of the second output gain circuit to provide the system output signal at the

" output of the signal adding circuit.

2. The active filter system of claim 1 further comprising: |

a signal strength detector having an input coupled to the input of the
first filter circuit and an output, the signal strength detector being responsive to a
signal strength of the first amplified system input signal at the input of the first filter
circuit being equal to or greater than a first threshold for provj'ding a first signal
strength signal at the output of the signal strength detector, and being responsive to a
signal strength of the first amplified system input signal at the inpht of the first filter

' circuit being less than a second threshold for providing a second signal strength signal

at the output of the signal strength detetor; and

| a gain control circuit having an input coupled to the output of the
strength detector, and a multiplicity of outputs respectively coupled to the gain control
input of the first input gain circuit, to the gain control input of the first output gain .
circuit, to the gain control input and the output control input of the second input gain
circuit, and to the gain control input, the polarity control input and the output control
input of the second output gain circuit, the gain control circuit being responsive to the
first signal strength signal received at its input for providing the second gain control
signal to the gain control input of the first input gain circuit, the second gain control
signal to the gain control input of the first output gain circuit, the second gain control
signal to the gain control input of the second input gain circuit, the second output
control signal to the output control input of the second input gain circuit, the third
gain control signal to the gain control input of the second output gain circuit, the first
polarity gain control signal to the polarity control input of the second output gain
circuit, the second output control signal to the output control input of the second
output gain circuit, and, after a predetermined delay, for providing the first output
control signal to the output control input of the second input gain circuit and the first
output control signal to the output control input of the second output gain circuit, the
gain control circuit being responsive to the second signal strength signal received by
its input for providing the first gain control signal to the gain control input of the first -
input gain circuit, the first gain control signal to the gain control input of the first -

output gains circuit, the first gain control signal to the gain control input of the second

57

IPR2024-00816
Apple EX1002 Page 235

IPR2023-00818
Theta EX2019



WO 02/056470 ) . . PCT/US02/04669

10

15

20

25

30

* input gain circuit, the second output control signal to the output control input of the

second input gain circuit, the third gain control signal to the gain control input of the
second output gain circuit, the second polarity gain control signal to the output control
input of the second output gain circuit and, after a predetermined delay, for providing
the first output control signal to the output control input of the second input gain
circuit and the first output control signal to the output cbntrol input of the second

output gain circuit.

3. The active filter System of claim 1, wherein the first filter circuit and

the second filter circuit are each a Tow-Thomas biquad having an input terminal, an
output terminal, first, second, third and fourth transconductors each having a normal
input, an inverting input and an output, a first capacitor, and a second capacitor, the
first transconductor having a first transconductance and having its inverting input and
output connected to the input terminal and its normal input connected to ground, the
second transconductor having a second transconductance equal to the product of the
first transconductance and a quality factor of the Tow-Thomas biquad and having its
inverting input connected to ground, its normal input connected to the input terminal
and its output connected to a first node, the third transconductor having the second
transconductance and having its inverting input connected to thé first node, its normal
input connected to ground and its output connected to the input terminal, the fourth
Uanscoﬁductor having the first transconductance and having its normal input .
connected to the first node, its inverting input connected to ground and its output
connected to the output terminal, the first capacitor being connected between the input
terminal and the ground, and the second capacitor being connected between the first

node and ground.

4. The active filter system of claim 2, wherein the signal strength detector
comprises: ‘ '

a peak detector having an input codpled to the input of the first filter
circuit and an output, the peak detector being responsive to the first amplified system
input signal received by the input of the first filter circuit for providing a voltage
envelope peak of the first amplified system input signal at the output of the peak
detector;
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a threshold detector having an input coupled to the output of the peak

detector, and an output, the threshold detector comparing the voltage envelope peak of

the first amplified system input signal received at its input with the first threshold and

providing the first signal strength signal at its output if the voftagc envelope peak of

the first amplified system input signal is equal to or greater than the first threshold, the

threshold detector providing the second signal strength signal at its output if the

voltage envelope peak of first amplified system input signal is less than the second .

threshold.

5. The signal processing system of claim 2, wherein the gain control

circuit includes a multiple state logic circuit responsive to the first signal strength

signal and the second signal strength signal for deriving respective signals provided .

by the multiplicity of outputs of the gain control circuit.

6. The signal processing system of claim1, wherein the first inp\it gain

circuit and the second input gain circuit each include circuitry for clamping their

respective output signals so as to prevent saturation of the first filter circuit and the

second filter circuit.

7. The signal processing system of claim 2, wherein the first threshold is

a voltage envelope- signal strength level of the first amplified system input signal that

causes the first filter circuit to approach saturation, and the second threshold is a

voltage envelope signal strength level of the first amplified system' input signal that A

causes the first filter circuit to provide a signal at its output having a minimum

tolerable signal-to-noise ratio.

8. An active filter system comprising:

a system input for receiving a system input signal;

a system outplit for providing a system output signal;

a first input gain circuit having a signal input coupled to the system

input for receiving the system input signal, a gain control input and an output for

providing a first amplified system input signal, the first input gain circuit being

responsive to a first gain control signal received by the gain control input for

amplifying the system input signal by a first amplification factor to obtain the first
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amplified system input signal and respdnsive to a second gain control signal received
by the gain control input for amplifying the system input signai by a second
amplification factor to obtain the first amplified system input signal; |

a first filter circuit having an input coupled to the 6utput of the first
input gain circuit and an output, the first filter circuit being responsive to a first
amplified system input signal received at its iﬁput for providing a first processed
signal at its output;’
- a second input gain circuit having a signal input coupled to the system
input for receiving the system input signal, a gain control inpui, an output control
input and an output for providing a second amplified system input signal, the second

input gain circuit being responsive to the first gain control signal received by its gain

- control input for amplifying the system input signal by the first amplification factor to

obtain the second amplified system input signal and responsive to the second gain
control signal received by its gain control input for amplifying the system input signal
by the second amplification factor to obtain the second amplified system input signal,
the second input gain circuit being responsive to a first output control signal received
by its output control input for providing the second amplified system input signal to
its output and responsive to a second output control signal for causing its output to be
an open circuit; '

a second filter circuit having a signal input coupled to the output of the
second input gain circuit, a gain control input and an output for providing a second
amplified processed signal, the second filter circuit being responsive to the second ,
amplified system input signal received by its input for providing a second processed
signal, and being responsive to a third gain control signal received by its gain control
input for amplifying the second processed signal by a fifth amplification factor to
obtain the second amplified processed signal and being responsive to a fourth gain
control signal received by its gain control input for amplifying the second processed
signal by a sixth amplification factor to obtain the second amplified processed signal;

a signal adding circuit having a first input coupled to the output of the
first filter circuit; a second input coupled to the output of the second filter circuit and
an output for providing a combined processed signal, the signal adding circuit

combining the first processed output signal provided by the output of the first filter
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circuit and the second amplified processed signal provided by the output of the second
filter circuit to provide the combined processed signal;

a first output gain circuit having a signal input coupled to the output of
the signal adding circuit, a gain control input and an output coupled to the system
output, the first output gain circuit bging responsive to the first gain control signal
received by its gain control input for amplifying the combined processed signal
received at its signal input by a third amplification factor to obtain the system output

signal at its output and being responsive to a second gain control signal received by its

- gain control input for amplifying the combined processed signal received at its signal

input by a fourth amplification factor to obtain the system output signal at its output.

9. The systém of claim 8 further comprising:
a signal strength detector circuit having an input coupled to the output

of the first active filter circuit and an output, the signal strength detector circuit being

. responsive to a signal strength of the first amplified system input signal at the input of

the first filter circuit being equal to or greater than a first threshold for providing a
first signal strength signal at its output, the signal strength circuit being responsive to
a signal strength of the first amplified system input signal at the input of the first filter
circuit being less than a second threshold for providing a second strength signal at its
output;

a gain control circuit having an input coupled to the output of the
strength detector circuit and a plurality of outputs respectively coupled to the gain
control input of the first input gain circuit, to the gain control input of the first output.
gain circuit, to the gain control input and the output control input of the second input
gain circuit, and to the gain control input of the second filter circuit, the gain control
circuit being responsive to the first signal strength signal received at its input for
providing the second gain control signal to the gain control of the first input gain
circuit, the second gain control signal to the gain control input of the first output gain

circuit, the second gain control signal to the gain control input of the second input”

- gain circuit, the second output control signal to the output control input of the second

input gain circuit, the fourth gain control signal to the gain control input of the second
filter circuit, and after a predetermined delay for providing the first output control

signal to the output control input of the second input gain circuit and the third gain
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control signal to the gain control inbut of the second filter circuit, and the gain control
circuit being responsive to the second signal strength signal received at its input for
providing the first gain control signal to the gain control of the first input gain circuit,
the first gain control signal to the gain control input of the first output gain circuit, the
first gain control signal to the gain control input of the second input gain circuit, the
second output control signal to the output control input of the second input gain

circuit, the fourth gain control signal to the gain control input of the second filter
circuit, and after a predetermined delay for providing the first output control signal to
the output control input of the second input gain circuit and the third gain control

signal to the gain control input of the second filter circuit.

10. The filter system of claim 9, wherein the active filter circuit has an
input terminal, a first gain control terminal, a second gain control terminal and an
output terminal, ﬁrst; second, third, fourth and fifth transconductors each having a
normal input, an inverting input and an output, a first capacitor, a second capacitor, a
first and third switch, each having a first signal terminal, a second signal terminal and

a switch control terminal, and a second and fourth switch having a first signal

" terminal, a second signal terminal, and an inverting switch control terminal, the first

transconductor having a first transconductance and having its inverting input and
output connected to the input terminal and its normal input connected to ground, the
second transconductor having a second transconductance equal to the product of the
first transconductance and a quality factor of the active filter and having its inverting
input connected to ground, its normal input connected to the input terminal and its .
output terminal connected to a first node, the third transconductor having the second
transconductance and having its inverting input connected to the first node, its normal
input connected to ground and its oﬁtput connected to the inpuf terminal, the first
capacitor being connected between the ihput terminal and the ground, the second
capacitor being connected between the first node and ground, the fourth
transconductor having a third transconductance equal to nine-tenths of the first
transconductance and having its normal input connected to ground, its inverting input
connected to the first node and its output connected to the first signal terminal of the
first switch and the first signal terminal of the second switch, the second signal

terminal of the first switch being connected to the output terminal, the switch control
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_ terminal of the first switch being connected to the first gain c;,ontro] terminal, the

second signal terminal of the second switch being connected to ground, the switch
control terminal of the second switch being connected to the first gain control
terminal, the second terminal of the first switch connected to the output terminal, the
active filter circuit being responsive to a logical one voltage level signal at the first
gain control terminal providing the signal received at the first signal terminal of the

first switch to the second signal terminal of the first switch, and being responsive to a

- logical zero voltage level signal at the first gain control terminal providing the signal

received at the first signal terminal of the second switch to the second signal terminal -
of the second switch, the fifth transéonductor having a fifth transcondu&tance equal to
nine times the first transconductance and having its normal input connected to the first
node, its inverting input connected to ground and its output connecfed to the first
signal terminal of the third switch and the first signal terminal of the fourth switch, the
second signal terminal of the third switch being connected to the output terminal, the
switch control terminal of the third switch being connected to the second gain control
terminal, the second signal terminal of the fourth switch being connected to ground,
the switch control terminal of the fourth switch being connected to the second gain
control terminal, the second terminal of the third switch connected to the output
terminal, the active filter circuit responsive to a logical one voltage level signal at the
second gain control terminal providing the signal received at the first signai terminal
of the third switch to the second signal terminal of the third switch, and responsive to
a logical zero voltage level signal at the gain control terminal of the third switch
providing the signal received at the first signal terminal of the fourth switch to the
second signal terminal of the fourth switch. '

11. v A filter system comprising:

a system input for receiving a system input signal;;

a System output for providing a system output signal; '

a first input gain circuit having a signal input coupled to the system
input for receiving the system input signal, a gain control input and an output for
providing a first amplified system input signal, the first ihput gain circuit being
responsive to a first gain control signal received by the gain control input for

amplifying the system input signal by a first amplification factor to obtain the first
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amplified system input signal and responsive to a second gain control signal received
by the gain control input for amplifying the system input signal by a second
amplification factor to obtain the first amplified system input signal;

a first filter circuit having an input coupled to the output of the first
input gain circuit, a first output for providing a first processed signal, and a second
output for providing a bufferéd first processed signal, the first filter circuit being
responsfve to a first amplified system input signal recefved_ at its input for providing
the first processed signal at its first output, and for providing the buffered first
processed signal at its second output; ‘ '

* a second input gain circuit having a signal input coupled to the system
input for receiving the system input signal, a gain control input, an output control
input and an output for producing a second amplified system input signal, the second
input gain circuit being responsive to the first gain control signal received by its gain
control input for amplifying the system input signal by the first amplification factor to
obtain the second amplified system input signal and being responsive to the second

gain control signal received by its gain control input for amplifying the system input

signal by the second amplification factor to obtain the second amplified system input

signal, and the second input gain circuit being responsive to a first output control
signal received by its output control input for prdviding the second amplified system
input signal to its output and being responsive to a second output control signal
received by its output control input for causing its output to be an open circuit;

a second filter circuit having a signal input coupled to the output of the
second input gain circuit, a gain control input and an output for providing a second
amplified processed signal, the second filter circuit being responsive to the second
amplified system input signal received by its input for providing a second processed
signal, and being responsive to a third gain control signal received by its gain control
input for amplifying the second processed signal by a fifth amplification factor to
obtain the second amplified processed output signal and being responsive to a fourth
gain control signal received by its gain control input for amplifying the second
brocessed signal by a sixth amplification factor to obtain the second amplified
processed output signal; . '

a signal adding circuit having a first input coupled to the first output of

the first filter circuit, a second input coupled to the output of the second filter circuit
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and an output for providing a combined processed signal, the signal adding circuit
combining the first processed output signal provided by the output of the first filter
circuit and the second amplified processed signal provided by the output of the second
filter circuit to provide the combined processed signal;

a first output gain circuit having a signal input coupled to the output of
the signal adding circuit, a gain control input and an output for providing an amplified
combined processed signal, the first oﬁtput gain circuit being responsive to the first
gain control signal received by its gain control input for amplifying the combined
processed signal received at its signal input by a third amplification factor to obtain
the amplified combined processed signal and being responsive to a second gain
control signal received by its gain control input for amplifying the combined
processed signal received at its signal input by a fourth amplification factor to obtain
the amplified combined processed signa]i and

a signal switching circuit having a first signal input coupled to the
output of the first output gain circuit, a second signal input coupled to the second
output of the first filter circuit, a switch control input and an output coupled to the
system output, the signal switching circuit being responsive to receiving a first
switching signal at the switch control.input for providing the amplified combined
processed signal received at the first signal input to the output, and being responsive
to receiving a second switching signal at the switch control input for providing the

buffered first processed output signal received at the second signal input to the output.

12. The system of claim 11 further comprising:

a first peak detector qircuit having an input coupled to the output of the
input gain of the first active filter and an output, the first peak detector being
responsive to the first amplified system input signal for providing a voltage envelope
peak of the first éxppliﬁed system input signal at its output;

a first threshold detector circuit having an input coupled to the output
6f the first peak detector and an output, the first threshold detector for comparing the
voltage envelope peak‘ of the first amplified system input signal received at its input
with a first threshold, and providing the first signal strength signal at its output if the
voltage envelope peak of the first amﬁliﬁed system input signal is equal to or greater
than the first threshold;
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a second threshold detector circuit having an input coupled to the
output of'the first peak detector and an output, the second threshold detector for
comparing the voltage envelope peak of the first amplified system input signal
received at its input with a second threshold, and providing the sécond signal strength
signal at its output if the voltage envelope peak of the first amplified system input
signal is less than the ﬁr§t threshold; 4

a gain control circuit having first and second inputs coupled to the
outputs of first and second threshold detector circuits, respectively, and a multiplicity

of outputs respectively coupled to the gain control input of the first input gain circuit,

‘to the gain control input of the first output gain circuit, to the gain control input and

the output control input of the second input gain circuit, and to the gain control input
of the second filter circuit, the gain control circuit beiﬁg responsive to the first signal
strength signal received at its first input for providing the second gain control signal to
the gain control of the first input gain circuit, the second gain control signal to the
gain control input of the first output gain circuit, the second gain control signal to the
gain control input of the second input gain circuit, the second o'utpﬁt control signal to
the output control input of the second input gain circuit, the fourth gain control signal
to the gain control input of the second filter circuit, and, after a predetermined .deléy,
for providing the first output control signal to the output control input of the second
input gain circuit and the third gain control signal to the gain control input 6f the
second filter circuit, and the gain control circuit being responsive to the second signal
strength signal received at its second input for providing the first gain control signal to
the gain control of the first input gain circuit, the first gain control signal to the gain
control input of the first output gain circuit, the first gain control signal to the gain
control input of the second input gain circuit, the second outpuﬁ control signal to the
output control input of the §econd input gain circuit, the fouﬂh gain control signal to
the gain control input of the second filter circuit, and after a predetermined delay for
providing the first oufput control signal to the output control input of the second input
gain circuit and the third gain control éignal to the gain control input of the second
filter circuit;

a second peak detector circuit having an input coupled to the output of

the first active filter circuit and an output, the second peak detector being responsive
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to the first processed signal for providing a voltage envelope peak of the first
processed signal at its output; » ’

a comparison circuit having a first signal input coupled to the output of
the first peak detector, a second signal input coupled to the output of the second peak
detector, and an output, the comparison circuit being responsive to the voltage
envelope peak of the first amplified system input signal and the voltage envelope peak
of the first processed signal for providing a first switching signal to its output if the
voltage envelope peak of the first amplified system input signal is greater than the
voltage envelope peak of the first processed signal by a specified threshold, and for
providing a second switching signal to its output if the voltage envelope peak of the
first amplified system input signal is not greater than the voltage envelope peak of the
first processed output signal by the specified threshold.

13. The filter system of claim 12, wherein the first active filter circuit is a
multi-output Tow-Thomas biquad having an input terminal, a first output terminal, a
second output terminal, first, second, third and fourth transconductors each having a
normal input, an inverting input and an output, an operational amplifier having a
normal input, an inverting input and an output, a first capacitor, and a second
capacitor, the first transconductor having a first transconductance and having its
inverting input and output connected to the input terminal and its normal input
connected to ground, the second transconductor having a second transconductance
equal to the product of the first transconductance and a quality factor of the multi-
output Tow-Thomas biquad and having its inverting input connected to ground, its
normal input connected to the input terminal and its output terminal connected to a
first node, the third transconductor having the second transconductance and having its 7
inverting input connected to the first node, its normal input connected to ground and
its output connected to the input terminal, the fourth transconductor having the first
transconductance and having its normal input connected to the first node, its invexﬁng
input connected to ground and its output connected to the first output terminal, the ‘
operational amplifier having its normal input connected to the first node and its V
inverting input and its output connected to the second output terminal, the first
capacitor beirig connected between the input terminal and the ground, and the second

capacitor being connected between the first node and ground.
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Quochien B Vuong 2685
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THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- [f the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
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- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).
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Application/Control Number: 10/784,613 Page 2
Art Unit: 2685

DETAILED ACTION
Information Disclosure Statement
1. The information disclosure statement (IDS) submitted on 07/02/2004 is in
compliance with the provisions of 37 CFR 1.9A7. Accordingly, the information disclosure

statement is being considered by the examiner.

Claim Rejections - 35 USC § 103
2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

3. Claims 1, 17, 23-25, and 29 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Clark (US 5,001,776) in view of Okanobu (US 5,020,147).

Regarding claims 1 and 23, Clark (figure 1) discloses a wireless transceiver
circuit and a method of receiving a signal using a circuit, the circuit comprising a signal
path including a low-noise amplifier (108) configured to receive the signal, a mixer (110)
having an input coupled to an output of the low-noise amplifier, and a low-pass filter
(120) having an input coupled to an output of the mixer, the method comprising:
determining a first signal streﬁgth (126) at a first node in the signal path in the circuit;
and dynamically changing a peak-to-peak voltage and current consumption of
component (mixer 110) in the signal path based on the first signal strength (column 2,

line 34 — column 4, line 66). Clark does not specifically disclose the circuit is an
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integrated circuit, and dynamically changing an impedance of the component in the
signal path. However, since Clark disclose dynamically changing the peak-to-peak
voltage and current consumption of component in the signal path based on the first
signal strength, therefore, it would be obvious for the transceiver and method of Clark to
dynamically change the impedance of the component as well in order to reduce signal
interference or distortion. In addition, Okanobu discloses a circuit formed on an
integrated circuit (see figure 1, column 7, lines 30-32). Therefore, it would have been
obvious for one having ordinary skill in the art at the time the invention was made to
adapt the teaching of Okanobu to the transceiver and method of Clark in order to
reduce the size of the circuit for compact design.

Regarding claims 17 and 29, Clark (figure 1) discloses a wireless transceiver
circuit and a method of receiving a signal using a circuit, the circuit comprising a signal
path including a first circuit (including 104, 108) and a second circuit (the rest of the
transceiver in figure 1) having an input coupled to an output of the first circuit, the
method comprising: determining a first signal strength (126) at a first node in the signal
path in the circuit, wherein the first node is before the first circuit in the signal path; and
dynamically changing a gain of the first circuit (108) based on the first signal strength
(column 4, lines 30-43) (column 2, line 34 — column 4, line 66). Clark does not
specifically disclose the circuit is an integrated circuit, and dynamically changing an
impedance of the second circuit. However, since Clark disclose dynamically changing
the peak-to-peak voltage and current consumption of the second circuit based on the

first signal strength (column 3, line 58 — column 4, line 3), therefore, it would be obvious
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for the transceiver and method of Clark to dynamically change the impedance of the
second circuit as well in order to reduce signal interference or distortion. In addition,
Okanobu discloses a circuit formed on an integrated circuit (see figure 1, column 7,
lines 30-32). Therefore, it would have been obvious for one having ordinary skill in the
art at the time the invention was made to adapt the teaching of Okanobu to the
transceiver and method of Clark in order to reduce the size of the circuit for compact
design.

As to claims 24 and 25, Clark discloses a second signal strength indicator circuit
(126') coupled to the output of the mixer (110) or low-pass filter (120), and configured to
determined s second signal strength, wherein the impedance in the signals path is
configured to be adjusted in response to the first and second signal strength (column 3,

lines 6-49).

4. Claims 2-16, 18-22, and 26-28 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Clark (US 5,001,776) in view of Okanobu (US 5,020,147) and further
in view of Smith et al. (US 6,714,557).

Regarding claim 2, the combination of Clark and Okanobu does not disclose the
signal comprises a preamble portion and a data portion, the impedance of a component
is changed while receiving the preamble portion, and the method further comprises
receiving the data portion of the signal. However, Smith et al. (figure 1) disclose a signal
comprising a preamble portion (112) and a data portion (114, 204, 206) (column 5, lines

29-45). Therefore, it would have been obvious to adapt the signal of Smith et al. to the
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method of Clark and Okanobu to adjust the setting of the component during receiving
the preample portion in order to properly receive the data portion.

As to claims 3 and 4, Clark (figure 1) discloses determining a second signal
strength (126’) at a second node in the signal path, wherein the second node in the
signal path is after the first node, wherein the impedance of the component in the signal
path is also changed based on the second signal strength (column 3, lines 6-49).

As to claims 5-9, Clark discloses the component in the signal path is included in
the mixer (110), and it would be obvious for the component in the signal path to
comprise a MOS transistor, resistor, capacitor, or a low-pass filter, since these
components are well known in the transceiver circuit.

Regarding claims 10 and 26, Clark (figure 1) discloses a wireless transceiver
circuit and a method of receiving a signal using a circuit, the circuit comprising a signal
path including a low-noise amplifier (108) configured to receive the signal, a mixer (110)
having an input coupled to an output of the low-noise amplifier, and a low-pass filter
(120) having an input coupled to an output of the mixer, the method comprising:
determining a first signal strength (126) at a first node in the signal path in the circuit;
and dynamically changing a peak-to-peak voltage and current consumption in the signal
path based on the first signal strength (column 2, line 34 — column 4, line 66). Clark
does not specifically disclose the circuit is an integrated circuit; dynamically changing a
bias current in the signal path while receiving a preample portion of the signal. However,
since Clark disclose dynamically changing the peak-to-peak voltage and current

consumption of component in the signal path based on the first signal strength,

IPR2024-00816
Apple EX1002 Page 289

IPR2023-00818
Theta EX2019



Application/Control Number: 10/784,613 Page 6
Art Unit; 2685

therefore, it would be obvious for the transceiver and method of Clark to dyngmically
change the bias current as well in order to reduce signal interference or distortion. In
addition, Okanobu discloses a circuit formed on an integrated circuit (see figure 1,
column 7, lines 30-32). Therefore, it would have been obvious for one having ordinary
skill in the art at the time the invention was made to adapt the teaching of Okanobu to
the transceiver and method of Clark in order to reduce the size of the circuit for compact
design. The combination of Clark and Okanobu does not disclose the signal comprises
a preamble portion and a data portion, the impedance of a component is changed while
receiving the preamble portion, and the method further comprises receiving the data
portion of the signal. However, Smith et al. (figure 1) disclose a signal comprising a
preamble portion (112) and a data portion (114, 204, 206) (column 5, lines 29-45).
Therefore, it would have been obvious to adapt the signal of Smith et al. to the method
of Clark and Okanobu to adjust the setting of the component during receiving the
preample portion in order to properly receive the data portion.

As to claim 11, Smith et al. disclose the method further comprises receiving the
data portion of the signal (column 5, lines 29-45).

As to claims 12 and 13, Clark (figure 1) discloses determining a second signal
strength (126’) at a second node in the signal path, wherein the second node in the
signal path is after the first node, wherein the bias current in the signal path is also
changed based on the second signal strength (column 3 lines 6-49).

As to claims 14-16, Clark discloses the component in the signal path is included

in the mixer (110), and it would be obvious for the component in the signal path to
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comprise a low-noise amplifier or a low-pass filter, since these components are well
known in the transceiver circuit.

As to claim 18, the combination of Clark and Okanobu does not disclose the
signal comprises a preamble portion and a data portion, the impedance of a component
is changed while receiving the preamble portion, and the method further comprises
receiving the data portion of the signal. However, Smith et al. (figure 1) disclose a signal
comprising a preamble portion (112) and a data portion (114, 204, 206) (column 5, lines
29-45). Therefore, it would have been obvious to adapt the signal of Smith et al. to the
method of Clark and Okanobu to adjust the setting of the component during receiving
the preample portion in order to properly receive the data portion.

As to claims 19 and 20, Clark (figure 1) discloses determining a second signal
strength (126’) at a second node in the signal path, wherein the second node in the
signal path is after the first node, wherein the impedance of the component in the signal
path is also changed based on the second signal strength (column 3, lines 6-49). '

As to claims 27 and 28, Clark discloses a second signal strength indicator circuit
(126’) coupled tb the output of the mixer (110) or low-pass filter (120), and configured to
determined s second signal strength, wherein the impedance in the signals path is
configured to be adjusted in response to the first and second signal strength (column 3,

lines 6-49).
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5. Claim 30 is rejected under 35 U.S.C. 103(a) as being unpatentable over Clark
(US 5,001,776) in view of Okanobu (US 5,020,147) and further in view of Park (US
5,995,853).

Regarding claim 30, Clark further discloses the transceiver comprising a
transmitter (figure 1, transmitter 144). The combination of Clark and Okanobu does not
disclose the transmitter comprising a power amplifier and an output-lével-sensing circuit
coupled to an output of the power amplifier, wherein the output-level-sensing circuit is
configured to dynamically adjust a gain of the power amplifier. However, Park (figure 1)
discloses a transmitter (100) comprising a power amplifier (160) and an output-level-
sensing circuit (124) coupled to an output of the power amplifier, wherein the output-
level-sensing circuit is conﬁgured to dynamically adjust a gain of the power amplifier
(column 3, line 60 — column 4, line 28). Therefore it would have been obvious for one
having ordinary skill in the art at the time the invention was made to adapt the teaching
of Park to the combination of Clark and Okanobu in order to control the transmission

power.

Conclusion
6. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

Snider et al. (US 5,867,063) disclose a gain distribution circuit.
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7. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Quochien B Vuong whose telephone number is (703)
306-4530. The examiner can normally be reached on M-F 9:30-18:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Edward Urban can be reached on (703) 305-4385. The fax phone number
for the organization where this application or proceeding is assigned is 703-872-9306.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free).

QUOCHIEN B.YUONG
PRIMARY EXAMINER

Quochien B. Vuong
Dec. 23, 2004.
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JUL 0 6 2005
{ hereby certify that this correspond is being facsi i PATENT
transmitted to the United States Patent and Trademark Office, " Attorney Docket No.: 021673-000210US

Fax No. 1-703-872-9306 on July 5, 2005.

TOWNSEND and TOWNSEND an W LLP
By: :( - /

J. Matthew Zigmant /

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: - - Confirmation No. 8357

Yannis Tsividis Examiner: Vuong, Quochien B.
Application No.: 10/784,613 Technology Center/Art Unit: 2685
Filed: February 23, 2004 AMENDMENT
For: POWER DISSIPATION -
REDUCTION IN WIRELESS
TRANSCEIVERS

Customer No.: 20350

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:
In response to the office action mailed January 4, 2005, please enter the following

amendments and remarks:

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this
paper. .

Remarks/Arguments begin on page 8 of this paper.
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Application number 10/784,613 PATENT
Amendment dated July 5, 2005
Reply to office action mailed January 4, 2005

Amendments to the Claims:

This listing of claims will replace all prior versions, and listings of claims in the application:

Claim 1. (Currently amended) A method of receiving a signal using an
integrated circuit, the integrated circuit comprising a signal path including a low-noise amplifier
configured to reccive the signal, a mixer having an input coupled to an output of the low-noise
amplifier, and a low-pass filter having an input coupled to an output of the mixer, the method
comprising: ' _

determining a first signal strength at a first node in the signal path in the
integrated circuit; and

reducing a switching current in the signal path by dynamically changing an
impedance of a component in the signal path based on the first signal strength.

Claim 2. (Original) The method of claim 1 wherein the signal comprises a
preamble portion and a data portion, the impedance of a component is changed while receiving

the preamble portion, and the method further comprises receiving the data portion of the signal.

Claim 3. (Original) The method of claim 2 further comprising:
determining a second signal strength at a second node in the signal path, wherein
the second node in the signal path is after the first node in the signal vpath.

Claim 4. (Original) The method of claim 3 wherein the impedance of the
component in the signal path is also changed based on the second signal strength.

Claim 5. (Original) The method of claim 2 wherein the component in the signal
path comprises a MOS transistor. :

Claim 6. (Original) The method of claim 2 wherein the component in the signal

~

path comprises a resistor.
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Application number 10/784,613 . PATENT
Amendment dated July 5, 2005 :
Reply to office action mailed January 4, 2005

Claim 7. (Original) The method of claim 2 wherein the component in the signal -

path comprises a capacitor.

Claim 8. (Original) The method of claim 4 wherein the component in the signal

path is included in the mixer.

Claim 9. (Original) The method of claim 4 wherein the component in the signal
path is included in the low-pass filter. ’

Claim 10. (Currently amended) A method of receiving a signal comprising a
preamble portic;n and a data portion using an integrated circuit, the integrated circuit comprising
a signal path including a low-noise amplifier configured to receive the signal, a mixer having an
input coupled to an output of the low-noise amplifier, and a low-pass filter having an input
coupled to an output of the mixer, the method comprising:

determining a first signal strength at a first node in the signal path in the
integrated circuit; and |

while receiving the preamble portion of the signal, dynamically changing a bias
current in the signal path based on the first signal strength, and while receiving the data portion
of the signal, maintaining the bias current in the signal path.

Claim 11. (Original) The method of claim 10 wherein the method further

comprises receiving the data portion of the signal.

Claim 12. (Original) The method of claim 11 further comprising:.
determining a second signal strength at a second node in the signal path, wherein
the second node in the signal path is after the first node in the signal path.

Claim 13. (Original) The method of claim 12 wherein the bias current in the
signal path is also changed based on the second signal strength.

AY

Claim 14. (Original) The method of claim 11 wherein the bias current is a bias

current for the low-noise amplifier.
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Reply to office action mailed January 4, 2005

Claim 15. (Original) The method of claim 11 wherein the bias current is 2 bias

current for the mixer.

Claim 16. (Original) The method of claim 11 wherein the bias current is a bias

current for the low-pass filter.

Claim 17. (Original) A method of receiving a signal using an integrated circuit,
the integrated circuit comprising a signal path including a first circuit and a second circuit having
an input coupled to an output of the first circuit, the method comprising: )

determining a first signal strength at a first node in the signal path in the
integrated circuit, wherein the first node is before the first circuit in the signal path;

dynamically changing a gain of the first circuit based on the first signal strength;
and ' v

dynamically changing an impedance of a component in the second circuit based
on the first signal strength.

Claim 18. (Original) The method of claim 17 wherein the signal comprises a
preamble portion and a data portion, the gain and impedance are changed while receiving the
preamble portion, and the method further comprises receiving the data portion of the signal.:

Claim 19. (Original) The method of claim 18 further comprising:
determining a second signal strength at a second node in the signal path, wherein

the second node in the signal path is after the second circuit in the signal path.

_ Claim 20. (Original) The method of claim 19 wherein the gain of the first circuit
and impedance of the component in the second circuit is also changed based on the second signal

strength.

_ Claim 21. (Original) The method of claim 18 wherein the first circuit is a low-

noise amplifier.

Claim 22. (Original) The method of claim 18 wherein the first circuit is a mixer.
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Amendment dated July S, 2005
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Claim 23. (Currently amended) A wireless transceiver integrated circuit
comprising: "
a receiver comprising a signal path, the signal path comprising:
a low-noise amplifier; '
a mixer having an input coupled to an output of the low-noise amplifier;
and

a low-pass filter having an input coupled to an output of the mixer; and
a first signal strength indicator circuit coupled to the signal path, and configured
to determine a first signal strength;
wherein an‘impedance in the signal path is configured to be dynamically adjusted
to reduce a switching current in response to the first signal strength.

Claim 24. (Original) The wireless transceiver of claim 23 further comprising:
a second signal strength indicator circuit coupled to the output of the mixer, and
configured to determine a second signal strength,
wherein the first signal strength indicator is coupled to the output of the low-noise
amplifier, and
' wherein the impedance in the signal path is configured to be adjusted in response
to the first and second signal strengths.

Claim 25. (Original) The wireless transceiver of claim 23 further comprising:
a second signal strength indicator circuit coupled to the output of the low-pass
filter, and configured to determine a second signal strength,
wherein the first signal strength indicator is coupled to the dutput of the mixer,
and
. wherein the impedance in the signal path is configured to be adjusted in response
to the first and second signal strengths.

Claim 26. (Currently amended) A wireless transceiver integrated circuit

comprising:
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Amendment dated July 5, 2005
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a receiver comprising a signal path, the signal path comprising:
a low-noise amplifier;
a mixer having an input coupled to an output of the low-noise amplifier;
and
a low-pass filter having an input éoupled to an output of the mixer; and
a first signal strength indicator circuit coupled to the signal path, and configured
to determine a first signal strength, the first signal strength the strength of a signal comprising a
preambie poﬁion and a data portion;
wherein a bias current in the signal path is configured to be dynamically adjusted
during the preamble portion of the signal in response to the first signal strength, and further

configured to be maintained during the data portion of the signal.

* Claim 27. (Original) The wireless transceiver of claim 26 further comprising;
a second signal strength indicator circuit coupled to the output of the mixer, and
configured to determine a second signal strength,
wherein the first signal strength indicator is coupled to the output of the low-noise
amplifier, and .
wherein the bias current in the signal path is configured to be adjusted in response
to the first and second signal strengths.

Claim 28. (Original) The wireless transceiver of claim 26 further comprising:

a second signal strength indicator circuit coupled to the output of the low-pass
filter, and configured to determine a second signal strength,

wherein the first signal strength indicator is coupled to the output of the mixer,
and '

wherein the bias current in the signal path is configured to be adjusted in response .
to the first and second signal strengths.

Claim 29. (Original) A wireless transceiver integrated circuit comprising:
a receiver comprising a signal path, the signal path comprising:
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a first circuit; and ‘
a second circuit having an input coupled to an output of the first circuit;
and |
a first signal strength indicator circuit coupled to the signal path, and configured
to determine a first signal strength; ' _ '
wherein a gain of the first circuit is configured to be dynamically adjusted in
response to the first signal strength, and
wherein an impedance in the second circuit is configured to be dynamically,

adjusted in response to the first signal strength.

Claim 30. (Original) The wireless transceiver of claim 29 further comprising:

a transmitter comprising:

a power amplifier; and

an output-level-sensing circuit coupled to an output of the power amplifier,
wherein the output-level-sensing circuit is configured to dyna.mically adjust a gain

of the power amplifier.
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Application number 10/784,613 PATENT
Amendment dated July 5, 2005
Reply to office action mailed January 4, 2005

REMARKS/ARGUMENTS
After entry of this amendment, claims 1-30 will remain pending in this

application. Claims 1, 10, 23, and 26 have been amended. Support for the amended claims can
be found in the specification. No new matter has been added.

Claims 1, 17, 23-25 and 29 stand rejected under 35 U.S.C. § 103(a) as being
unpatentable over Clark, United States patent number 5,001,776, in view of Okanobu, United
States patent number 5,020,147. Claims 2-16, 18-22, and 26-28 stand rejected under 35 U.S.C. §
103(a) as being unpatentable over Clark in view of Okanobu and further in view of Smith,
United States patent number 6,714,557. Reconsideration of these rejections and allowance of all
the pending claims is respectfully requested.

Claim 1

Claim 1 stands rejected under 35 U.S.C. § 103(a) as being uhpatentable over
Clark in view of Okanobu. But these references do not show or suggest each and every
limitation of this claim. For example, Claim 1 recites "reducing a switching current in the signal
path by dynamically changing an impedance of a component in the signal path based on the first
signal strength.” The cited references do not provide this feature. |

The pending office action cites Clark as showing "dynamically changing an
impedance of a component in the signal path based on the first signal strength.” (See pending
office action, page 2, sec;ion 3.) But Clark shows changing a bias current based on various
signal strengths.

A bias current is not the same as a switching current. One skilled the art
understands that a bias current is a DC or quiescent current, while a switching current is a
dynamic or transient current that occurs during voltage transitions. (See for example, the
pending application, Figure 6 and related discussion.) Accordingly, the cited references do not
show or suggest reducing a switching current in the signal path by dynamically changing an
impedance of a component in the signal path as required by the claim.

For at least this reason, claim 1 should be allowed.
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Claim 10

Claim 10 stands rejected under 35 U.S.C. § 103(a) as being unpatentable over
Clark in view of Okanobu and further in view of Smith. . But these references do not teach each
and every limitation of this claim. For example, claim 10 recites "while receiving the preamble
portion of the signal, dynamically changing a bias current in the signal path based on the first
signal strength, and while receiving the data portion of the signal, maintaining the bias current in
the signal path.” The cited references do not provide this feature.

There is no motivation in Clark to limit changes to a bias current while receiving
a preamble, as is required by the claim. ‘Rather, Clark does not appear to discuss changing a bias
current during specific signal events, such as a preamble, an not changing the bias current during
others, such as during data transmission. The claim in particular only mention making this
current modification during reception of a signal. (See for example, claim 1 in Clark.)

For at least this reason, claim 10 should be allowed.

Claim 17

Claim 17 stands rejected under 35 U.S.C. § 103(a)-as being unpatentable over
Clark in view of Okanobu. But these references do not show or suggest each and every
limitation of this claim. For example, Claim 17 recites "dynamically changing a gain of the first
circuit based on the first signal strength; and dynamically changing an impedance of a

A component in the second circuit based on the first signal strength."

The pending office action cites Clark as showing changing an impedance, though
appears to be silent regarding a gain change. (See pending office action, page 4, first paragraph.)
The cited references do not show or suggest the combination of changing a gain and changing an
impedance as required by the claim.

For at least this reason, claim 17 should be allowed.

Other claims
Claim 23 should be allowed for similar reasons as claim 1. Claim 26 should be

allowed for similar reasons as claim 10. Claim 29 should be allowed for similar reasons as claim

Page 9 of 10
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17. The other claims depend on these claims and should be allowed for similar reasons, and for

the additional limitations they recite.

CONCLUSION
In view of the foregoing, Applicants believe all claims now pending in this

application are in condition for allowance. The issuance of a formal notice of allowance at an
early date is respectfully requested.
If the Examiner believes a telephone conference would expedite prosecution of

this application, please telephone the undersigned at 415-576-0200.

Respectfully submitt

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, Eighth Floor
San Francisco, California 94111-3834
Tel: 415-576-0200
Fax: 415-576-0300
Attachments
" IMZ:;jmz
60530755 v1
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Title: POWER DISSIPATION REDUCTION IN WIRELESS TRANSCEIVERS OZ‘—; ~
Tee o )
R
=
o E
Attention: Office of Petitions \ 5 B
Mail Stop Petition 1g 09/27/2005 DALLEN 00000003 022666  10784613""
Commissioner for Patents 5 .
P.O. Box 1450 - 01 FCa2453
Alexandria, VA 22313-1450
FAX (571) 273-8300

750,00 DA

S . _— - 9EP 2 % 2005
NOTE: If information or assistance is needed in completing this form, please contact Petitions
Information at (571) 272-3282. ‘ :
The above-identified application became abandaned pursuant to 35 U.S.C. 122(b)(2XB)(iii) for failure t
notify the Office of the filing of an application in a foreign country or under a multinational intemational treaty that

o timely . ONS
requires publication of applications eighteen months after filing. The date of abandonment is the day after the
expiration date of the forty-five (45) day period set in 35 U.S.C. 122(b)(2)(B)iii).

PURSUANT TO 37 CFR 1.137(f), APPLICANT HEREYBiY PETITIONS FOR REVIVAL OF THIS AFPPLICATION
UNDER 37 CFR 1.137(b)
1. Petition fee

v | Small entity-fee $ _75000 _ (37 CFR 1.17(m)).

Applicant claims small entity status. See 37 CFR 1.27.
D Other than small entity — fee $

(37 CFR 1.17{m))
2. Notice of Foreign or International Filing (35 U.S.C. 122(b}(2){B)(iii) and 37 CFR 1.213(c))

Subsequent to the filing of the above-identified application, an application was filed in another country,

or under a multinational international treaty (e.g., filed under the Patent Cooperation Treaty), that
requires publication of applications eighteen months after the filing. The filing date of the subsequently
filed forelgn or international application is _Eebrary 27. 2004

This collection of inf

Page i o12)
to p an ion, Confid:
including gathering, preparing, and s:

is required by 37 CFR 1.137. The information Is required to obtaln ar retain a banefit by the public which Is to file (and dy the USPTO
jality ia govarned by 85 U.S.C. 122 and 37 CFR 1.11 and 1.14, This collection is estimated to take 1.0 hour to complete,
ubmitting the compieted application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of tme you require to complete this form end/or suggestions for reducing this burden, should be sant to the Chief Information Officer, U.S. Patant

and Trademark Office, U.S. Department of Commerce, P.Q. Box 1450, Alsxandr’a. VA 22313-1450, 0O NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Mall Stop Petition, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

it you need assistance in completing the forin, cail 1-800-PTO-9198 and select option 2.
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PTO/SB/B4a (07-05)

Approved for use through 07/31/2006. OMB 0661-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of Information unlass it displays a valid OMB contro) number.

STATEMENT: The entire delay in filing the required notice of a foreign or international filing from the due date for
the required notice until the filing of a grantable petition under 37 CFR 1.137(b) was unintentional. [NOTE: The
United States Patent and Tradamark Office may require additional information there Is a question as to whether
either the abandonment or the delay in filing a petiton under 37 CFR 1.137(b) was unintentional (MPEP

711.03(c), subsections {I1)}(C) and (D}).]

WARNING: Information on this form may becéme public. Credit card Information should not be
included on this form. Provide creglit card Information and authorization on PTO-2038.

@0\\'\/\ ] September 21, 2005
J

Signat Date
Roger W. Bl Jr. 25831
Typed or pris ted name Registration Number, if applicable
12400 Wilshire Boulevard, Seventh Floor (714) 557-3800
Address - Telephone Number
Los Angeles, CA 90025
Address

Enclosures:[v | Fee Payment
D Additional sheets containing statements establishing unintentional delay

Other: Revocation of Power of Attomey with New Powsr of Attorney and Change of Correspandence Address;
Statement Under 37 CFR 3.73(b)

CERTIFICATE OF MAILING OR TRANSMISSION [37 CFR 1.8(a)]

| hereby certify that this correspondence Is being:
Deposited with the United States Postal Service on the date shown below with sufficient
postage as first class mail in an envelope addressed to: Mail Stop Petition, Commissioner for
Patents, P. O. Box 1450, Alexandria, VA 22313-1450.

Transmitted by facsimile on the date shown below to the United States Patent and Trademark

Office at (5§71) 273-8300.
o Lusiven (L Clurks
September 21, 2005 wdied
Date [ Signature
. Jassica A Clark

Typed or printad name of person signing certificate

[Page 2 of 2]
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. B9/21/2005 14:12 7145573347 BSTZ L PAGE B87/88
" GEP-20-05 TUE 01:37 P  TELOS VENTURE PARTNERS FAX NO. 650 213 HUbU P, U2

BEST AVAILABLE COPY .

REVOCATION OF POWER OF  AppicationNo. . | T0/784613 . :
. ATTORNEY WITH - Filing Data February 23,2004

: 'NEWPOWER OF ATTORNEY . | PmMmedivenor | YuonlsTsividis ~ . - . .| ..

RO AND . Group Art Unit '2635 - =

-t | cHAnGE OF CORREBPONDENCE ADDRESS | E22 ExaminerNams | Vuong, Quackisn B,

. . MomcxbockelNumr| T0R4PQ07

1 hereby revoka all previoua powars of attorney given in the above-identitiad applicaﬂon
] A Power of Atxomay is submlned harewith,

oR’ ______1

ﬂ I m;teby appolm the practiioners at Customer Numbef [ 8791

& - Please changetho oon'espondenca addussforma above-identfied applbat:ontc RESETE B v e

The agcress assodlated with | . < S I e
B Tve adcress assoiaredwin |~ 08791 T T EEET
CFmor - mmv.‘koxomsp.mmn&mu_p — -
IndlvldualName : .

" [ Addrass -~ moowusmpoulevm.mmoor e,
..| Address - - :

o'r.'

Oy T rosangies - | Stwe  cadtomia - | zpoms }wuzs
Courry - - . | US.A.  |Telephane | (714)557-3800 - | Fax ,014)15743341

"4 lam the: . . -
B

ISR X Assignes of record of the eitire nterest, See 57 CFR7I.
S . Sfafsmsnwmo!ﬂco"ﬂ-'!-?ﬂb)lsemw (FormPTO}SB/QS)

SIGNATURE "of Applicant orAsdgnoootlheord .
o Brme & - BoI L '
Ramet Ofamz-w:‘ 6('.'0 M /"IJGMM ,2;14:, -

Signature

) umuulhanmodgnum required, see
'] “Tata ot - tomms are submRtad.,

NCTE: mumddmﬂwmcumuamum Brﬂmmrﬂﬂmfémmmw Sl.hn]lnuhdnbnm

. 105-04) & Peciiegt by ESTZ
SWDTO WQMPEM1$MHWQW1@ ’

A
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, .89/21/2085 14:12 7145573347

BSTZ RECEIVED race oo/es
GENTRAL FAX CENTER
SEP 21 2005
Docket No. 7084P067
STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner:  Theta Microelectronics, Inc

Application No./Patent No.: 10/784 613

Filing/issue Date: 2/23/2004
Entitled: POWER DISSIPATION REDIICTION IN WIRELESS TRANSCEIVERS

_Theta Microelectronics, Inc. _, a Corporation

(Name of Assignes)

(Type of Assignes, e.g., corporation, parinership, university, mm% g '
states that it is: . / M’ED
1. [ the assignee of the entira right, title and interest; or SEp 2 2 '
2, [ an assignee of less than the entire right, title and interest. OFF[ 0 0ps
The extent (by percentage) of its ownership interest is % E 0[: PE”
in the patent application/patent identified above by virtue of either: j ”‘M[s
A. X An assignment from the inventor(s) of the patent application/patent identified above. The
assignment was recorded in the Patent and Trademark Office at Reel 15218, Frame 139, or for
which a copy thereof is attached.

OR

B. [] Achain of title from the inventor(s), of the patent application/patent identified above, to the
current assignee as shown below:

1. From: To:

The document was recorded in the Patent and Trademark Office at

Reel : Frame , or for which a copy thereof is attached.
To:
The document was recorded in the Patent and Trademark Office at

Reel , Frame . or for which a copy thereof is attached.
3. From: To:

The document was recorded in the Patent and Trademark Office at

Resl Frame , or for which a copy thereof is attached.
4, From: To: '

The document was recorded in the Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
[ Additional documents in the chain of title are listed on a supplemental sheet.

2. From:

O Copies of assignments or other documents in the chain of title are attached.

[NOTE: A separate copy (i.e., the original assignment document or a true copy of the original
document) must be submitted to Assignment Division in accordance with 37 CFR Part 3, if the
assignment is to be recorded in the records of the PTO. See MPEP 302-302.8]

AdOD T1aVIVAY 1s38

The undersigned (whose title is supplled betow) Is empowered to sign this statement on beh

alf of assignee.
September 21, 2005 /}
Date '97!“7’
Roger W. Blakely{ Jr./Reg. No. 25,831
Typed or prll)(ed name
Attommey
Title
Based on PTC/SB/86 (08-03) as modified by Blakely, Sokkolf, Taylor & Zafman (wir) 06/06/2004.

8END TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450,
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Oy

BSTZ

RECEIVED
FAX GENTER

E
SEP 2 1 2005 PRIE _"

A

BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLE .., 1373

TELEPHONE: (714) 557-3800

INTELLECTUAL PROPERTY LAW
12400 WILSHIRE BOULEVARD, 7TH FLOOR
Los ANGELES, CA 90025

T -

FAcCSIMILE COVER SHEET

Deliver to:

Vuong, Quochien B, USPTO

FacsnaLE: (714) 557-3347 R
” PA‘E N & Re et
QFFICE
Art Group: nERS

Facsimile No.:

(571)273-8300

Date: September 21, 2005..

From: Roger W. Blakely Ir, Reg No. 25831
Number of pages __8 _:including this sheet.

Our Docket No.: 7084P007
Application No.: 10/784,613

Enclosed are the followmg documents

[:l Amendment: ( _—-pQS)

O Appeal Brief
[ Application:

( ——pgs)

( —pgs) w/cover & abstract)
Assignment & Cover Sheet (___pgs)
Certificate of Facsimile
Continued Prosecution Application (CPA)
Declaration & POA ( —___pgs)

Drawings: ___sheets, _____ figures
Extension of Time:

Fes Transmittal (in duplicate)
DS & PTOISBIOB ( DQS)

O
=
0o
0
O
O
[
O
=

EDDDDDDDDEDD%

Filing Date: 2/23/2004
Docket Due Date(s): |

Issue Fes Transmittal
Notice of Appeal
Petition for: Revival
Request for Continued Examination (RCE)

Reply Brief ( ___pgs)

Request & Certification Under 35 usc 122(b)(2)(B)(i)
Request to Rescind Previous Nonpublication Request
Response to Notice of Missing Parts & Formalities Letter
Response to Written Opinion ( —pgs)

Termina! Disclaimer

Transmittal of Publication Fee Due

Transmittal Letter

CERTIFICATE OF

SMISSION (37 CFR 1.84

1 hereby certify that this correspondence is being transmitted by facsimile on the date shown below to the United States

Patent and Trademark Office.

df M 9/21/2005

Jesfica A. Clark

Date

Confidentiality Note: The documents accompanying this faceimile transmisslion contaln Information from the law firm of Blakely, Sokoloff, Taylor
& Zafman which Is confidential or privileged. The information Is intended ta be for the use of the individual or entity named on this transmission
sheet. If you are not the Intended reciplent, be aware that any disclosure, copying, distribution or use of the contents of this faxed information Is
prohibited. if you have received this facsimile in error, please notify us by telephona immediately so that we can arrange for the retrieval of the

original documents at no cost to you.

If you do not recelve all the pages, or If there Is any difficulty in récelving. please call: (714) 557-3800 and ask for Jossica A. Clark.
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I A RECEIVED
o T CENTRAL FAX CENTER
e 93 SEP 2 1 2005
4 1 -
ams SEP 20
~ Application l\io.w_\r«L g ’{ﬁfﬁf]‘§4""6r1é‘§‘\ h
s Ll d
TRANSMITTAL FORM FiingDats ~ (rF [ February 23, 2004
(to be used for all correspondence after inltial fillng) ¥ oo r o inventor | Yannis Tsividis
Art Unit 2685
Examiner Name Vuong, Quochien B
Total Number of Pages in This Submission | 8 Attorney Dacket Number | 7084P007 )

ENCLOSURES (check all that apply)

After Allowance Communication
g Fee Transmittal Form I:] Drawing(s) D to Group
B oo ptacnes [ wicemsing eatod Papers [ emsmecemmeniarnaas
D Amendment / Response E Petition D aggg?l"g):gg\::iggsg' t:?n Group
D After Final Pefition to Convert 2 D Proprietary Information

Affidavitsideclaration(s) Provisional Applicatian

|Z| Power of Attorney, Revocation tus Letter
. Change of Correzpondence Address D Status Le
D Extension of Time Request .

x Other Enclosure(s)

D Terminal Disclaimer (please identify below):

D Express Abandonment Request

D Information Disclosure Statement E] Request for Refund State‘mn.ant Under 37 3.73(b);
Facsimile Cover Sheet
[J prorsers [J co. Number of CO(s)
Certified Copy of Priorl
D Doq'xment(sgy ty
D :iez-:‘poﬂlz;ga to Mlﬁsin Parts/
ncomplets Application Remarks

D Basic Filing Fee
D DedaratlonPOA

D Response to Missing
Parts under 37 CFR
1.520r 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Roger W. Blakely, Jr., Reg. No. 25,831

or

Individual name | BI ARELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

Signature @ 7\' / w aﬂ 4 /

Date Sehtémber 21, 2005

CERTIFICATE OF MAILING/TRANSMISSION
| hereby certify that this correspondence is being transmitied via facsimile on the date shown below to the United States Patent and

Trademark Office.
Typed or printed name | JessicdA. Clark /7 /7 /) ,
L Signature Loddieqg, K Uidn [ ate | september 21,2005

Baged on PTO/SB/24 (04-04) s modified takaly, Solokoff, Taylor & Zafman (wir) 08/04/2004.
SEND TO: Commissioner for Patents, P! ox 1450, Alexandria, VA 22313-1450
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

UNITED STATES PATENT AND TRADEMARK OFFICE

NOTICE OF ALLOWANCE AND FEE(S) DUE

20350 7590 09/26/2005 { EXAMINER |
TOWNSEND AND TOWNSEND AND CREW, LLP VUONG, QUOCHIEN B
TWO EMBARCADERO CENTER
EIGHTH FLOOR | ART UNIT | rpapernUMBER |
SAN FRANCISCO, CA 94111-3834 2685

DATE MAILED: 09/26/2005

l APPLICATION NO. I FILING DATE ] FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. | CONFIRMATION NO. |

10/784,613 02/23/2004 Yannis Tsividis 021673-000210US 8357
TITLE OF INVENTION: POWER DISSIPATION REDUCTION IN WIRELESS TRANSCEIVERS

| APPLN. TYPE | SMALL ENTITY ] ISSUE FEE | PUBLICATION FEE | TOTAL FEE(S) DUE ] DATE DUE |
nonprovisional YES $700 $0 $700 12/27/2005

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS

. STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 US.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL
BE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2
the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

IMI. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
Page 1 of 3

PTOL-85 (Rev. 07/05) Approved for use through 04/30/2007.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571) 273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required{’. Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unl?ss corrfgcted below or directed otherwise in Block 1, by (a). specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block | for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Eapers. Each additional paper, such as an assignment or formal drawing, must

20350 7590 09/26/2005 ave its own certificate of mailing or transmission.
TOWNSEND AND TOWNSEND AND CREW, LLP _ Certificate of Mailing or Transmission ) )
SAN FRANCISCO, CA 94111-3834 transmitted to the USPTO (£71) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
[ appicaTioNNO. ] FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION No. |
10/784,613 02/23/2004 Yannis Tsividis 021673-000210US 8357
TITLE OF INVENTION: POWER DISSIPATION REDUCTION IN WIRELESS TRANSCEIVERS
[ APPLN. TYPE | smaLLENTITY | ISSUE FEE | puBLICATION FEE | ToTALFEES)DUE | DATE DUE |
nonprovisional YES $700 $0 $700 12/27/2005
| EXAMINER | ART UNIT | cLass-sucLass |
VUONG, QUOCHIEN B 2685 455-574000

1. Chan}gg}c))f correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR 1 (1) the names of up to 3 registered patent attorneys 1
O Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a membera 2

[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

w

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : O ndividual O Corporation or other private group entity U Government

’4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
1 Issue Fee O A check in the amount of the fee(s) is enclosed.
(3 Publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.
0 Advance Order - # of Copies a The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Qa Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ob. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
The Director of the USPTO is requested to alt:gply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit b{ the public which is to file (and by the USPTO to process
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, an
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you refguire to complete
this form and/or m:&lgestl_ons. for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, %.0.
Box 1450, Alexandna, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 07/05) Approved for use through 04/30/2007. OMB 0651-0033  U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

— e
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USplo.gov

APPLICATION NO. l FILING DATE l FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO. ]
10/784,613 02/23/2004 Yannis Tsividis 021673-000210US 8357
20350 7590 09/26/2005 [ EXAMINER |

TOWNSEND AND TOWNSEND AND CREW, LLP
TWO EMBARCADERO CENTER

EIGHTH FLOOR

SAN FRANCISCO, CA 94111-3834

VUONG, QUOCHIEN B

[ ART UNIT | PAPER NUMBER J

2685

DATE MAILED: 09/26/2005

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
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directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.
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Application No. Applicant(s)
. - e 10/784,613 TSIVIDIS, YANNIS
Notice of Allowability Examiner Art Unit
Quochien B. Vubng 2685

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to 07/06/2005.
2. [X] The allowed claim(s) is/are 1-30.

3. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

é) O Al b)[d Some* c)[J None of the:
1. [0 Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. _____
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: _______
Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) (] to Paper No./Mail Date __.
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date __. .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. (] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s) :
1. [X] Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application (PTO-152)
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [1 Interview Summary (PTO-413),
) Paper No./Mail Date .
3. X Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [J Examiner's Amendment/Comment
Paper No./Mail Date 07/02/04
4. [ Examiner's Comment Regarding Requirement for Deposit 8. &Examiner's Statement of Reasons for Allowance
of Biological Material
' 9. [0 Other .
U.S. Patent and Trademark Office )
PTOL-37 (Rev. 7-05) Notice of Allowability f Paper No./Mail Date 09192005
[BREGE4-00816
G , Apple EX1002 Page 330
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Application/Control Number: 10/784,613 Page 2
Art Unit: 2685

Reasons for Allowance
1. Claims 1-30 are allowed over the cited prior art.
2. The following is an examiner’s statement of reasons for allowance:

Regarding independent claims 1 and 23, the claims have been amended to
include “...reducing a switching current by dynamically changing an impedance...”,
wherein the switching current is defined in the Applicant’s remark filed 07/06/2005, page
8.

Regarding independent claims 10 and 23, the cited pridr art fail to teach or fairly
suggest the claimed invention with the reasons set forth in the Applicant’s remark filed
07/06/2005, page 9.

Regarding independent claims 17 and 29, the cited prior art fail to teach or fairly
suggest the claimed invention with the reasons set forth in the Applicant’s remark filed
07'/06/2005, page 9.

Any comménts considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Conclusion
3. The prior art made of record and not relied upon is considered pertinent to

applicant's disclosure.
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Application/Control Number: 10/784,613 Page 3
Art Unit: 2685

Nguyen (US 6,298,221) discloses adaptive receiver linearity techniques for a
radio transceiver.
Tripathi et al. (Us 6,621,339) disclose method and apparatus facilitating negative

feedback providing loop stability, and improving‘ampliﬁer efficiency.

4. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Quochien B. Vuong whose telephone number is (571)
272-7902. The examiner can normally be reached on M-F 9:30-18:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Edward Urban can be reached on (571) 272-7898. The fax phone number
for the organizatipn where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained frorﬁ the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

., Business Center (EBC) at 866-217-9197 (toll-free).

il 5 Mz

Quochien B. Vuong : QUOCHIEN B.VUONG
Sep. 19, 2005. . PRIMARY EXAMINER
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PTO/SB/SB (08-03)

Complete if Known
Application Number 10/784,613
INFORM DISCLOSURE Filing Date February 23, 2004
STATEMENT BY APPLICANT First Named Inventor Tsividis, Yannis
Art Unit 2685
(use as many sheets as necessary) Examiner Name 2.
Sheet I 1 I of 1 1 Attomey Docket Number | 021673-000216US
U.S. PATENT DOCUMENTS+
Document Number '
Examiner Cite Publicaion Date Name of Patentee or Pagss, Columns, Lines, Where
Initials® No.! Number Kind Code® (i known) MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
ures ar
&7 | AA | US-2002/0036519 03-28-2002 Krishnapura et al.
&~ | AB | US-2003/0112059 06-18-2003 Krishnapura et al.
Y, > AC US-2004/0042572 03-04-2004 Palaskas et al.
P AD US-2004/0091035 05-13-2004 Palaskas ot al.
AE uUs- .
FOREIGN PATENT DOCUMENTS
Foreign Patent Document . Pages, Columns; Lines,
Examiner C“B Publication Date Name of Patentes or Where Relevant
Initials* | No.' MM-DD-YYYY Applicant of Cited Passages or Relsvant
Country Coda’ Number' _ xind Code® # inowr) Document Fiqures Appear T
AF - : g
AG U

NON PATENT LITERATURE DOCUMENTS

. . Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of the item .
Examiner | Cite (book, magazine, joumal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), R L
initials * | No. publisher, city and/or country where published.

ﬂ/‘ AH ARYA R. BEHZAD et al., “A 5-GHz Direct-Conversion CMOS Transceiver Utllizing Automatic Frequency Control for
the IEEE 802.11a Wireless LAN Standard®, IEEE Joumnal of Solid-State Circuits, Vol. 38, No. 12, December 2003
. Al VINCENT LEUNG et al., *Digital-IF WCDMA Handset Transmitter IC in 0.25um SiGe BiICMOS", 2004 IEEE
y Intemational Solid-State Circuits Confarence
%/ Al MASOUD ZARGARI et al., "A Single—Chlp Dual-Band Tri-Mode CMOS Transceiver for IEEE 802.11a/b/g WLAN®,
2004 IEEE Intermational Solid-State Circuits Conference
AK
AL

Examiner Date / /
Signature WW A oy | Considered 12/17/%
‘EXAMINER: Initial if reference considerad, whether or not citation Mﬂqordonnsnca with MPEP 609. Draw line through citation if not in conformance

and nol considered. Include copy of this form with naxt oommunlwllon to applicant.
¥ Applicant’s unique citation designation number (optional). 2 Applicant is to place a check maﬂ( here if English language Transtation Is attached.
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PTO/SB/08A (08-0))
Substitute (or form 1449APTO Complete if Known
Application Number 10/7¢4-61%
INFORMATION DISCLOSURE Filing Date 02./23% /2074
STATEMENT BY APPLICANT First Named Inventor Tsividis, Yannis
Art Unit 2685
(use as many sheets as necessary) Examiner Name ﬁ . Vo
Sheet | 1 | of {2 Attorney Docket Number | 021673-0002100S
U.S. PATENT DOCUMENTS+
Document Number
Examines Cite . Publication Date Name of Palentee or Pages, Columns, Lines, Where
Initials® No.! Number Kind Code® (if known) MM-0D-YYYY Applicant of Ciled Document Relevan; 'Pa?::qe: ora lr-'(e)mnl
D | An | uss.2r0.222 05-26-1981 Menant
AB US-5,001,776 03-19-1991 Clark
AC US-5,390,357 02-14-1995 Nobusawa
AD US-5,392,457 02-21-1995 Davis et al.
AE US-5,406,613 04-11-1995 Peponides et al.
AF US-5,564,094 10-08-1996 Anderson et al.
AG US-5.600,271 02-04-1897 Erickson et al.
AH US-6,026,288 02-15-2000 Bronner
Al US-6,389,445 05-14-2002 ° Tsividis
Ad US-6,400,177 08-04-2002 Yoshizaki
AK US-6,529,069 03-04-2003 Krishnapura et al.
AL US-20030112060 08-18-2003 Krishnapura et al.
AM US-20030117212 06-26-2003 Krishnepura ef al.
A/ | AN | us-8,683,482 01-27-2004 Krishnapura et al.
AO | US-
FOREIGN PATENT DOCUMENTS
Foreign Patent-Document Pages, Columns, Lines,
Examiner cne Publication Date Name of Patentes or Where Relevant
Initiats* | No.' . . MM-DD-YYYY Applicant of Cited Passages or Relevant T
Coury Cods” __Number' _ sing coge® ¥ xnown) Document Figures Appear
L~ | A |pcT WO 02/35756 05-02-2002 | Yoshizawa et al. U
L AQ PCT WO 02/056558 07-18-2002 Palaskas et al. I:]
y AR PCT © WO 02/056470 07-18-2002 Palaskas et al. 0
AS ]
gf;ﬂrglt:z M A %4»7 Conidered /1 7/ (&2

"EXAMINER: Initial if reference considered, whether or not citation Is in confonnance with MPEP 609, Draw line through citation if not in con'urmam:e

and not considered. Include copy of this form with next communication to ap

Kind Codes of U S. Patent Documents at
Standard ST 3). * For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent
document. ® Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST. 16 it possible. * Applicant is to
place a check mark here if English language Translation is attached.
60139978 v1

v or MPEP 801.04.

icant. ' Applicant's unique citation designation number (optlonal)
Enter Office that issued the document, by the two-etter code (WIPO
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PTO/SB/0SB (08-03)

Substitute for form 14498/PTO Complete if Known
INFORMATION DISCLOSURE  |—oocatontumbey | [0/ 784 €/%
STATEM ENT BY APPLICANT . First Named Inventor Tsividis, Yannis
Art Unit | ze8<
(use as many sheets as necessary) Examiner Name L. oy
Sheet l 2 | of J 2 Attomey Docket Number | 021673-00020US

NON PATENT LITERATURE DOCUMENTS

) include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner C‘te (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), T?
Initials * No.! publisher, city and/or country where published.

W AT P.R.GRAY et al., *Future Directions Iin Silicon ICs for RF Personal Commumcanons IEEE 1995 Custom Integrated
Circuits Conference

AU Y. TSIVIDIS, "Minimising power dissipation in analogue signal processors through syllabic companding®, Electronic
Letters, Vol. 35, No. 21, October 14, 1999

AVv AARNO PARSSINEN et al., *A 2-GHz Wide-Band Direct Conversion Recelver for WCOMA Applications®, IEEE
Journal of Solid-State Circuits, Vol. 34, No. 12, December 1999

AW FARBOD BEHBAHAN! et al., "A Broad-Band Tunable CMOS Channel-Select Filter for a Low-IF Wireless Receiver”,
|EEE Joumnal of Solid-State Circuits, Vol. 35, No. 4, April 2000

AX TUOMAS HOLLMAN et al., "A 2.7-V CMOS Dual-Mode Baseband Filter for POC and WCDMA", IEEE Journal of
Solid-State Circuits, Vol. 36, No. 7, July 2001

AY FARBOD BEHBAHAN! et al., “Adaptive Analog IF Signal Processor for a Wide-Band CMOS Wireless Receiver”,
IEEE Joumal of Solid-State Circuits, Vol. 36, No. 8, August 2001

AZ ATUSHI YOSHIZAWA et al., “An Anti-Blocker Structure MOSFET-C Filter for a Direct Conversion Receiver”, IEEE

2001 Custom Integrated Circuits Conf

BA JUSSI RYYNANEN et al., “RF Gain Controt in Direct Conversion Receivers®, 2002 |EEE

ALEKSANDAR TASIC et al., “Concept of Frequency-‘l’ransconductance Tuning of Bipolar Voltage-Controlled

88 Osciltators”, 2002 IEEE

B8C ALEKSANDER TASIC et al., “Concept of Phase-Noise Tuning of Bipolar Voltage-Controlled Oscillators”, 2002 IEEE

8D Y. TSIVIDIS el al., “Intemally Varying Analog Circuits Minimize Power Dissipation”, (EEE Circuits & Devices
Magazine, January 2003

BE CHRIS VAN DEN BOS et al., “Architecturs of a Reconfigurable Radio Receiver Front-End Using Overall Feedback™,
Electronic Research Laboratory, Delft University of Technology

Examiner Date
Signature %7%4«« %{ %’7 Considered /Z/ /7/0 7

* 'EXAMINER: Initial if reference considered, whether or not citation is in n‘conformance with MPEP 609. Draw line through citation if not in conformance
and not oonsldered Include copy of this form.with next communlca!lon to applicant.
licant’s unique ci desi lon number (optional). 2 Applicant is to place @ check mark here if English language Translation is attached.
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Reexamination
10/784,613 TSIVIDIS, YANNIS
Examiner Art Unit
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U.S. PATENT DOCUMENTS

Document Number

Date
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RECEIVED
18/87/2005 15:29 7145573347 BSTZ GENTRAL FAX CENTER  "AGE ©5/08

0CT 0 7 2005

PTO/SB/64 (07-05)
Appraved for use through 07/31/2006. OMB 0651-0031
U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Un_der the Paperwork Reduction At of 1985, no persons are required to respondto @ cgg'oe(ion of information untass it disptays a valld OMB contra! number.
PETITION FOR REVIVAL OF AN APPLICATION FOR PATENT Docket Number (Optional)
ABANDONED UNINTENTIONALLY UNDER 37 CFR 1.137(b) 7084P007

First named inventor: Yannis Tsividis
Application No.: 10/784,613 Art Unit: 2685

Filed: 02/23/2004 Examiner: Vuong, Quochlen B

Title: POWER DISSIPATION REDUCTION IN WIRELESS TRANSCEIVERS

Attention: Office of Petitions
Mail Stop Petition
Commissioner for Patents
P.0. Box 1450

Alexandria, VA 22313-1450
FAX (571) 273-8300

NOTE: If information or assistance is needed in completing this form, please contact Petitions
Information at (571) 272-3282.

The above-identified application became abandoned for failure to file a timely and proper reply to a notice or
action by the United States Patent and Trademark Office. The date of abandonment is the day after the expiration
date of the period set for reply in the office notice or action plus an extensions of time actually obtained.

APPLICANT HEREBY PETITIONS FOR REVIVAL OF THIS APPLICATION

NOTE: A grantable petition requires the following items:
(1) Petition fee;
{2) Reply and/or issue fee; :
(3) Terminal disclaimer with disclaimer fee - required-for all utility and ptant applications
filed before June 8, 1995; and for all design applications; and
(4) Statement that the entire delay was unintentional.

1.Petition fee
Small entity-fee $750.00 (37 CFR 1.17(m)). Applicant claims small entity status. See 37 CFR 1.27.
[] other than small entity - fee $ (37 CFR 1.17(m))

2. Reply and/or fee
A. The reply and/or fee to the above-noted Office action in
the form of _Amendment (identify type of reply).

has been filed previously on July 6, 2005
] is enclosed herewith.

10784613

B. The issue fee and publication fee (if applicable) of $
has been paid previously on
is enclosed herewith.

[Page 1 0f 2]
This collection of information is required by 37 CFR 1.137(b). The Information Is required to obtain or retain a benefit by the public which Is to file {and by the
USPTO to process) an application. Confidentiafity is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This ¢ollection is estimated to take 1.0 hour fo
complete, including gathering, preparing, and submiiting the completed application form to the USPTO. Time will vary depending upon the Individual case. Any
comments on the amount of time you require to complete this form andjor suggestions for reducing this burden, should be sent to the Chief Information Ofticer,
U.S. Patent and Trademark Office, U.S. Departmant of Commerce, P.O. Box 1450, Alexandra, VA 22313-1450, DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Mail Stop Petition, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

750.00 DA

If you nesd assistance in completing the form, call 1-800-PTO-9799 and select option 2.
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18/87/2805 15:29 7145573347 BSTZ PAGE ©6/08

PTO/SB/BA (07-05)

Approved for use through 07/31/2006. OMB 06510031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Pagrwom Reduction Act of 1995, no persons are required to respond o a collection of information unteas it disptays s valld OMB controf number.

3. Terminal disclaimer with disclaimer fee

Since this utility/plant application was filed on or after June 8, 1995, no terminal disclaimer is required.

A terminal disclaimer (and disclaimer fee (37 CFR 1.20(d)) of $ for a small entity or $
for other than a small entity) disclaiming the required period of time is enclosed herewith (see
PTO/SB/63).

4. STATEMENT: The entire delay in filing the required reply from the due date for the required reply until the
filing of a grantable petition under 37 CFR 1.137(b) was unintentional. [NOTE: The United States Patent and
Trademark Office may require additional information if there is a question as to whether either the
abandonment or the delay in filing a petition under 37 CFR 1,137(b) was unintentional (MPEP 71 1.03(c),
subsections (1){C) and (D)).]

WARNING: Information on this form may become public. Creadit card information should not be
included on this form. Provide credit capd infdrmation and authorization on PTO-2038.

October 7, 2005
Signiature Date
Roger W. Blakely, Jr. 25,831
Typed or printed name Registration Number, if applicable
12400 Wilshire Boulevard, Seventh Floor . (714) 557-3800
Address Telephone Number

Los Angeles, CA 90025
Address
Enclosures: Fee Payment

[ Reply

D Terminal Disclaimer Form

D Additional sheets containing statements establishing unintentional delay

Other:_Copias of Revacation & Power of Attorney and 3.73(b) Statement as previously submitted with Applicant’s
Communication Dated September 21, 2005

CERTIFICATE OF MAILING OR TRANSMISSION [37 CFR 1.8(a)]
I hereby certify that this correspondence is being:

D Deposited with the United States Postal Service on the date shown below with sufficient
postage as first class mail in an envelope addressed to: Mail Stop Petition, Commissioner for
Patents, P. O. Box 1450, Alexandria, VA 22313-1450.

Transmitted by facsimile on the date shown below to the United States Patent and Trademark
Office as (571) 273-8300. . 4 g

October 3, 2005 m

Date / Signature
. Jessica A. Clark

Typed’or printed name of person signing certificate

[Page 2 of 2)
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RE
c CEIVED

FAX CENTER
18/87/2005 15:29 7145573347 BSTZ : PAGE ©1/88

OCT 0 7 2005

‘BLAKELY SOKOLOFF TAYLOR & ZAFMAN LILP

TELEPHONE: (714) 557-3800 INTELLECTUAL PROPERTY LAW FacSIMILE: (714) 557-3347
12400 WILSHIRE BOULEVARD, 7TH FLOOR

Los ANGELES, CA 90025

FACSIMILE COVER SHEET

Deliver to: Vuong, Quochien B, USPTO Art Group: — ... 2685
Facsimile No:: (571)273-8300 Date: Qctober 7,2005
From: Roger W. Blakely, Jr., Reg. No.25831 -
Our Docket No.: 7084P007 . Number of pages __8 _including this sheet.
Application No.: 10/784,613_ . _ Filing Date: 2/23/2004

Docket Due Date(s): |

Enclosed are the followmg documents

Issue Fee Transmittal

Notice of Appeal

Petition for: Revival -
Request for Continued Examination (RCE)

Reply Brief ( ___pgs)
Request & Certification Under 35 USC 122(b)(2)(B)(i)

Request to Rescind Previous Nonpublication Request
Response to Notice of Missing Parts & Formalities Letter

Response to Written Opinion { ___pgs)
Terminal Disclaimer

El Amendment: ___.._( ,__pgs)
O Appeal Brief (___pgs)
O Application:

( . ....pgs) w/cover & abstract)
Assignment & Cover Sheet (__. ..pgs)
Certificate of Facsimile
Continued Prosecution Application (CPA)
Declaration & POA ( _pgs)

Drawings: ___sheets, _____ figures
Extension of Time: . _ . . ______
Fee Transmittal (In duplicate) Transmittal of Publication Fee Due
IDS & PTO/SB/08 ( pgs) Transmittal Lefter

Other Qamas_nfﬁmmausly_Submdted.BeuqcatlonnLEmeLatAMmBy_wuh_New quer_nf_Attnmay_and.Change_of__
Cnmaspondance_Addrsssmd.Slal&menLundsLala(h) e

ROOOODDODOOROOS

O
&
a
O
O
O
X
O
=

C. (4] LING/TRANSMISSION (37 CFR 1.84 _
I hereby certify that this correspondence is being transmitted by facsimile on the date shown below to the United States

Patent and Trademark Office. d
%Jé 10/7/2005

Jessiga A. Clark

Confidentiality Note: The documents accompanying this facsimile transmission contain information from the law firm of Blakely, Sokoloff, Taylor
& Zafman which is confidential or privileged. The information is intended to be for the use of the Individual or entity named on this transmission
shest. If you are not the intended recipient, be aware that any disclosure, copying, distribution or use of the contents of this faxed information is
prohibited. If you have received this facsimile in error, please notify us by telephone immediately so that we can arrange for the retrieval of the
original documents at no cost to you.

If you do not receive all the pages, or if there is any difficulty in recelving, please call: (714) 557-3800 and ask for Jessica A. Clark.
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RECEIVED

18/87/20885 15:29 7145573347 BSTZ GBIIRN- FAX CENTER PAGE ©2/88
) OCT 0 7 2005

4 . et Y

Application No. 10/784,613
TRANSMITTAL FORM -
Filing Date February 23, 2004
(to be used for ail correspondence after initial filing) First Named Inventor Yaonis Tsivifh'é
Ant Unit 2685 ' T
Examiner Name Vuong, Quochien B
Total Number of Pages In This Subm'ssionL 8 Attorney Dockst Number, 7084P007 )

ENCLOSURES (check all that apply)

O

Documen

x Fee Transmittal Form

X Fee Attached

L__] Amendment / Response

D- After Final

(] Afdavitsrdeciaration(s)
D Extenslon of Time Request

D Express Abandonment Request

D Information Disclosure Statement

[ prosssros
Certified Cogy of Priority
[ Rednemiete Appicainn ="
[[] sasic Fiing Fee
[_‘_:] Dedlaration/POA
Response to Missing

Partsp%nder 37 CFR
1.520r1.53

D] Petition

O

D Drawing(s)

[] Ucensingretated Papers

Petition to Convert a
Provisional Appllwhon

Power of Attorney, Revocation
Change of Commespondence Address

[J Terminat Disclaimer

D Request for Refund

[[] co, Number of CD(s)

to Gi

1

X

(please

Aﬂer Allowance Communication
oup

[:I Afxppleals and Interferences

Appeal Communlcation to Group
{Appeal Notice, Brtef, Reply Briaf)

] Proprietary information

D Status Letter

Other Enclosure(s)

eal Communlication to Board

Identify beiow):

Copies of Previously
Submitted Revocation &
Power of Attorney and
3.73(b) Statement; Facsimile
Cover Sheet

Remarks

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Fim
or
Individual name

Roger W. Blakely, Jr., Reg. No. 25,831
BLAKELY, SOKOLOFF, TA/Y LOR & ZAFMAN LLP

Signature

/

Date

%uﬂ/ )

ber 7, 2005

CERTIFICATE OF

ING/TRANSMISSION

| hereby certify that this carrespondence is being transmitted fna facsimite on the date shown below to the United States Patent and
Trademark Office.

Typed or printad name

\__Slgnature

JessicﬁClgrk /j ﬂ/ l
205 L LB

| Date !

October 7,2005

SEND TO: Commissioner for Patents, P.O.

1450, Alexandria, VA 22313-1450

Based on PTO/SB/21 (04-04) es madified byszN, Solokofl, Taylor & Zafman (wr) 08/04/2004.
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19/@7/2805 15:29

7145573347 BSTZ RECEIVED  race 03/08

CENTRAL FAX CENTER
OCT 0 7 2005
[ FEE TRANSMITTAL T R ] -
for FY 2005 FilngDate " February 23,2004
Patent fees are subject to ennus; revision. First Named Inventor Yannis Tsividis ]
Bd Applicant ciaims small entity status. See 37 CFR 1.27. | Examiner Name i Vuong, Quochien B
| TOTAL AMOUNT OF PAYMENT | (5) YT L —— S —
METHOD OF PAYMENT (check all that apply)
Ocheck [(Creditcard [ Money Order [INone Oother (please identify):
X Deposit Account Deposit Account Number: 02-2666 Deposit Account Name: Blakely, Sokoloff, Taylor & Zafman LLP
For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)
B4 Charge fee(s) indicated below [J Charge fee(s) indicated below, except for the filing fee
[X Charge any additional fee(s) or underpayment of fee(s) [J Credit any overpayments
under 37 CFR §§ 1.16, 1.17, 1.18 and 1.20.
FEE CALCULATION
Large Entity Small Entity
(':: oe de o Tg;a CF:dee ig)e Fee Description Fee Paid
1051 130 | 2057 65 Surcharge - late filing fee or oath
1052 50 [ 2052 25 Surcharge - late provisional filing fee or cover sheet. | |
2053 130 [ 2053 130 Non-English specification ]
1251 120 | 2261 60 Extension for reply within first month
1252 450 | 2252 225 Extension for reply within second month
1263 1,020 [ 2253 510 Extension for reply within third month I
1254 1,590 [ 2254 795 Extension for reply within fourth month
1255 2,160 | 2255 1,080 Extension for reply within fifth month
1401 500 | 2401 250 Notice of Appeal
1402 500 ; 2402 250 Filing a brief in support of an appeal )
1403 1,000 | 2403 500 Request for oral hearing
1451 1510 | 2451 1510 Petition to institute a public use proceeding ]
1480 130 | 2460 130 Petitions to the Commissioner
1807 50 | 1807 50 Processing fee under 37 CFR 1.17(q) ]
1806 180 | 1806 180 Submission of Information Disclosure Stmt ]
1809 790 1809 395 Filing a submission after final rejection (37 CFR § 1.129(a))
1810 790 | 2810 395 For each additional invention to be examined (37 CFR § 1.1290)| |
Other fee (specify) Petition for Revival Under 37 CFR1.137(b)_... . 750.00
SUBTOTAL (2) [®)] 750.00
UBMITTED BY ___  Complete (ifapplicable} )
Name nvpe)  [Roger W. Blakely, dr. /’ Registration No. I 25,831 Telephone | (714) 557-3800
_ Signature Az / " |pate 10/07/05 |

Based on PTO/SBM7 (12-04) as mon by Biakely, Solokaff, Taylor & 2a| (wir) 12/15/2004,
SEND TO: Commissioner for Patents, P.O. Bax 1450, Alexandria, VA 22373. 1850
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18/97/2885 15:29 71455733 BSTZ ‘ PAGE B7/08
— bl:lz -2U-Ub JUE 01:37 P II-.LUb VENIURE PARINERS FAX NO. 650 213 9U6U P. U2

A f REvocAnouo'Fhoweﬁo; ApplcationNo. |~ | 107784693~ - )}
IUEEPE TR [ - ATTORNEY WITH - Fiing Dato February 23,2004
N NEWPOWEROFATTOHNEY . FintNamediventor | Yaonds Teividls ~ . .- . |,

< R ‘. : . ! AND GWPAﬂUI‘I‘R I 2685 i . R B , -

S . CHANBE DF OOHBEBPONDENCE ADDREss Eumlnef Name ; Vuo:ag, Quochien B. —

AﬂwnoxbockuNumr] 7084P007 . . - .. J .

A

€005, [1hereby revoke al previous powers of attomey given in the abovesderified applicaticin: -
e O A PpwerofAunmeyls submﬂted herewith. ‘ o .

Yom ' T L
| Ellhéremnmmme' prectiionars at Customer Number: |~ 08791 ]

. - Please change the conespondence address for the above-lgenttied applieadcn wor

‘Theaddreesassoclamdm ! 08791 S RO

Customer Nuinber: {

on » | N
[C)Fmor - | BLAKELY,SOKOLOFF, TAYLOR & ZAFMAN LLF -
|ndlvir!ualName e . .

Addess .} 12400" 0 Wikt Belevard, 7t Flooe

——" sy

| | wsasgees ISm | Califomia - lz,pz:ca- | oavas”
-0 | Counmry - - USA ’Tebphme i (‘714)557-3800 - rax |ayssrssr |0 o0 0

v lamthe: " . R :

e . (1 applicant. * L

X Assignes of record ofmeennremmmst. See 87 GFRS?'I
SMememwKMrof 37CFR 3.73{b) Is enclom (Fom PTO/SB/QS) .

. sacmmuns ouppumomsagmmnemd . ' L
Namme - B/u-e £ Ealffé'l‘/\ N
i Gfamﬂaﬂf 6(’.:0 Rl Micrgotechmasr S

Gt e | pozecams .

NOTE: Signatros of all the iwaeriars o 284l nfubouddmarﬁnlmnﬂumelrrm Lvefs} mm&.mn Mu'
" it mora than one slgnlmb required, wee b.;'-uf” w e mm

[]'roum - worme b SIDMAG.

Rascd om MYOBA/E (06-04) 46 modFed by BSTZ o
SEND TO:. wmmaumn.g.’naqu:munwm °

[
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18/67/2005 15:29 7145573347 BSTZ RECEIVED  race os/es

R ’ WWCENTER
‘ | “0CT 0 7 2005

Docket No. 7084P007
o STATEMENT UNDER 37 CFR 3, 73(b)
Applicant?Patenl Owner:  Theta Micraelectronics, Tne.
Application No./Patent No.: 10/784,613 : Fllmgllssue Date: 2/23/2004

| Entltled POWER DISSIPATION REDIICTION IN WIREL ESS TRANSCEIVERS
_'EhntaMlch:lcghnnm,_Inc_ a Corporation : ,

) -(Name of Assignee) (Type of Assignes, 6.9., carporation, partnership, university, govemnment agency, eic. )

states that it is: :

. B the asslgnee of the entire nght titte and interest; or

2. O an assignee of less than the entire right, titte and mterast
The extent (by percentage) of Its ownershlip interest Is %

in the patent application/patent identified above by virtue of either:

A Bd An assignment from the inventor(s) of the patent application/patent identified above. The
assignment was recorded in the Patent and Trademark Off ice at Reel 15218, Frame 139, or for
which a copy thereof is attached: .

OR

B. [] A chain of title from the inventor(s), of the patent application/patent identified above, to the
current assignee as shown below: } .

1. From: - To:

The document was recorded in the Patent and Trademark Office at

Reel __  Frame , or for which a copy thereof is attachsd.
2. From: . To: ' i

The document was recorded in the Patent and Trademark Office at )

Reel Frame . or for which a copy thereof is attached.
3. From: ' To: .

The document was recorded in the Patent and Trademark Office at

Reel Frame __ _, or for which a copy thereof is attached.

" . 4. From: To:
The document was recorded [n the Patent and Trademark Office at
Resl , Frame , or for which a copy thereof is attached.

O Additional documents In the chain of title are listed on a supplemental shest.

O Copies of assignments or other documents in the chain of title are attached.
[NOTE: A separate copy (i.e., the original assignment document or a true copy of the original
document) must be submitted to Assignment Division in accordance with 37 CFR Part 3, if the
assignment Is to be recorded in the records of the PTO. See MPEP 302-302.8]

The undersigned (whose title is supplied below) is empowered to sign this statement on beh% assignes.

September 21, 2005
Date

ul
Roger W. Blakely! Ir. 71,1eg No. 25, 831
Typed or printed name

Attorney
Title

Based on FT0/S8/96 (08-03) as modifiad by Biakely, Solokoff, Tayior & 2atman (wir) 06052004,
8END TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1480.
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UNITED STATES PATENT & TRADEMARK OFFICE
Washington, D.C. 20231

REQUEST,FOR PATENT FEE REFUND

1 Date of Request: JO/ 24(425 2 Serial/Patent # JOZ%4G )7

4 PAPER s DATE
3 Please refund the following fee(s): NUMBER FILED 6 AMOUNT
Filing $
Amendment $
Extension of Time S
Notice of Appeal/Appeal v $
21/;} Petition ;p/ 7/99 $ 7;&} Vo o)
| Issue - - $
Cert of Correction/Terminal Disc. S
Maintenance $
Assignment $
Other ] $
RN | izopa

8 TO BE REFUNDED BY:

10 .REASON: Treasury Check
Overpayment >< Credit Deposit A/C #:
Duplicate Payment - ' s 2.1 26 ¢ &

X | No Fee Due (Explanation):

Dloaases  #< OO

11 REFUND REQUESTED BY:

TYPED/PRINTED NAME: Pél//é/)ff W@@D TITLE: S -%]'7\/1 :
SIGNATURE: ,W  PHONE: L 7 A Z23)
OFFICE:

APPROVED:

o 24 (a5
/ /

Instructions for completion of this form a ar the back. After completion, attach
white and yeglow coﬁw to thé oﬂicftal file %H@ or hand-carry {(;: P

Office of Finance
FORM PTO 1577 Refund Branch
(01/90) Crystal Park One, Room 802B IPR2024-00816
Apple EX1002 Page 347
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. RECEIVED
18/87/2085 15:29 7145573347 BSTZ CENTRAL FAXCENTER "°°E 95/e8

ocr' 07 2005

PTO/SB64 (07-05)
. Approved for use through 071315.0% OMB 06510031
U.S. Patsrt and Tredemark Offive; U.S. DEPARTMENT OF COMMERCE

Undar the Pe, Redudtion Aci of 1 0o s are red fo to @ coflaction of information uniass i ¢ls, anmmmw
PETITION FOR REVIVAL OF AN APPLICATION FOR PATENT Docket Number (Optional)
ABANDONED UNINTENTIONALLY UNDER 37 CFR 1.137(b) 7084P007

First named Inventor: Yannis Teividls
Application No.: 10/784,613 Art Unit: 2688
Filed: 022372004 Examiner: Vueng, Quochien B

Title: POWER DISSIPATION REDUCTION IN WIRELESS TRANSCEIVERS

Attention: Office of Petitions
Mail Stop Petition
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
FAX (571) 273-8300

NOTE: If information or assistance is needed in completing this form, please contact Petitions
Information at (571) 272-3282.

The above-identified application became abandoned for failure to file a imely and proper reply to a notice or | :
action by the United States Patent and Trademark Office. The date of abandonment is the day after the expiration
date of the period set for reply in the office notice or action plus an extenslons of time actually obtained.

APPLICANT HEREBY PETITIONS FOR REVIVAL OF THIS APPLICATION

NOTE: A graniable petition requires the following items:
(1) Petition fee;
{2) Reply and/or issue fee;
(3) Terminal disclalmsr with disclaimer fee - raqulrod for all utility and plant applications
filed before June 8, 1985; and for all design applications; and
(4) Statement that the entire delay was unintentional.

1.Patition fee .
Small entity-fee $ 750.00 (37 CFR 1.17(m)). Applicant clalms small entity status, See 37 CFR 1.27.
[C] other than small entity — fee $ (37 CFR 1.17(m))
2. Reply and/or fee .
A. The reply and/or fee to the above-noted Office action in
the form of _Amendment (identify type of reply):

has been filed previously on Jutv 6, 2008

~
[_] Is enclosed herewith. g
[ g
B. The issue fee and publication fee (if applicable) of $ b=
has been paid previously on
is enclosed herewith. § ~
TFege 101 2] § §
of ik ia required by 37 CFR 1.137{b). Tho brformation Is required to cbtain or retain @ banefi by the public which is to flie {(and by the 0
usrrom ) 8n C is o by 35 U.S.C. 122 and 87 CFR 1.11 and 1.14, This collescton Is estimsted to take 1.0 hour fo b s
manmmgpmwmmmmamme»mmmmuswo Time will vary depending upon tho indMdual case, Any g = -
m»mmammmmmm«mm:wfwmumhmmdumnmwummm 8
U.S. Paent snd Ortice, U.S of C P.0. Bax 1450, Alexanxria, VA 22913-1450. 0O NOT SEND FEES OR COMPLETED 3 5>
FORMS TO THIS ADDRESS. szuoro: Mall Stop Petition, Commissioner for Patents, P.O. Bax 1450, Alaxandria, VA 223131450, S '358
pmar Y )
f you nesd assistance in compisting the form, call 1-860-PTO-9199 and select option 2. Q %“E
=1
E mgz
SDG
. C=3=d
2 3932
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
- United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450
‘Www.uspto.gov

| APPLICATION NUMBER | FILING OR 371 (c) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/784,613 02/23/2004 Yannis Tsividis 021673-000210US

CONFIRMATION NO. 8357

08791 MRAG RO A0 KT EADD @20y

BLAKELY SOKOLOFF TAYLOR & ZAFMAN ! !
12400 WILSHIRE BOULEVARD 0C000000017309253
SEVENTH FLOOR

LOS ANGELES, CA 90025-1030

Date Mailed: 10/24/2005

" NOTICE OF ACC’EPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 10/07/2005.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the above address as
provided by 37 CFR 1.33. :

DOUGLAS 1 WOOD
OP (571) 272-3231

OFFICE COPY
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UNITED STATES PATENT AND TRADEMARK OFFICE ,

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371 (c) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NOJTITLE |
10/784,613 02/23/2004 Yannis Tsividis 021673-000210US

CONFIRMATION NO. 8357

20350 T Mk
TOWNSEND AND TOWNSEND AND CREW, LLP ! !
TWO EMBARCADERO CENTER 0C000000017309240

EIGHTH FLOOR
SAN FRANCISCO, CA 94111-3834

Date Mailed: 10/24/2005

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 10/07/2005.

e The Power of Attorney to you in this application has been revoked by the assignee who has intervened as provided by 37 CFR
3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

Wen!

DOUGLAS 1 WOOD
OP (571)272-3231

OFFICE COPY
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UNITED STATES PATENT AND TRADEMARK OFFICE

COMMISSIONER FOR PATENTS

UNITED STATES PATENT AND TRADEMARK OFFICE
P.0O. Box 1450

ALEXANDRIA, VA 22313-1450

www.uspto.gov

OW Oct-08

BLAKELY SOKOLOFF TAYLOR & ZAFMAN
12400 WILSHIRE BOULEVARD

SEVENTH FLOOR

LOS ANGELES CA 90025-1030

‘COPY MAILED
0CT 24 2005
OFFICE OF PETITIONS

In re Application of

Yannis Tsividis :

Application No. 10/784,613 : DECISION ON PETITION
Filed: 23 February, 2004 :

Atty Docket No. 021673-000210US

This is a decision on the petition filed on 7 October, 2005,
under 37 CFR 1.137(b), to revive the above-identified
application.

The petition is DISMISSED AS MOOT.

A review of the record reveals that on 5 January, 2005, a non-
final Office action was mailed, setting a three (3) month
shortened statutory period for reply.

On 6 July, 2005 (certificate of facsimile transmission date 5
July, 2005), a three (3) month extension of time and amendment in
reply to the non-final Office action were filed.

On 26 September, 2005, a Notice of Allowance and Fee(s) Due and
Notice of Allowability were mailed, setting a three month period
for reply.

As such, the application was never abandoned, and no petition to
revive is necessary.

The petition fee will be credited to counsel’s deposit account,
No. 02-2266.

Receipt of the power of attorney filed on 7 October, 2005, is
acknowledged.

The application will be referred to the Office of Publications to
await receipt of the issue fee.
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Application No. 10/784,613 2

Telephone inquiries concerning this matter may be directed to the
undersigned at (571) 272-3231.

A)Pod
Douglas I. Wood

Senior Petitions Attorney
Office of Petitions

Encl: Notice Regarding Change of Power of Attorney
Notice of Acceptance of Power of Attorney

IPR2024-00816
Apple EX1002 Page 352

IPR2023-00818
Theta EX2019



UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

DIW Dec-03

BLAKELY SOKOLOFF TAYLOR & ZAFMAN
12400 WILSHIRE BOULEVARD

SEVENTH FLOOR

LOS ANGELES CA 90025-1030

COPY MAILED
DEC 0 8 2005
OFFICE OF PETITIONS

In re Application of :

Yannis Tsivdis : DECISION ON PETITION
Application No. 10/784,613 :

Filed: 23 February, 2004

Atty Docket No. 7084P004

This is a decision on the petition, filed on 21 September, 2005,
under 37 CFR 1.137(f) which is treated as a petition to revive
the above-identified nonprovisional application under the
unintentional provisions of 37 CFR 1.137(Db).

The petition is GRANTED.

Petitioner states that the present nonprovisional application is
the subject of a foreign or international application filed on 27
February, 2004. However, the U.S. Patent and Trademark Office
was unintentionally not notified of this filing within 45 days
subsequent to the filing of the subject application in a foreign
country.

In view of the above, this application became abandoned pursuant
to 35 U.S.C. § 122 (b) (2) (B) (iii) and 37 CFR 1.213(c) for failure
to timely notify the Office of the filing of an application in a
foreign country, or under a multilateral international agreement,
that requires publication of applications 18 months after filing.

A petition under 37 CFR 1.137(f) must be accompanied by:

(1) the reply which is met by the notification of such
filing in a foreign country or under a multinational
treaty;

IPR2024-00816 -
Apple EX1002 Page 353

IPR2023-00818
Theta EX2019



Application No. 10/784,613 2

(2) the petition fee as set forth in 37 CFR 1.17(m);
and

(3) a statement that the entire delay in filing the
required reply from the due date of the reply until the
filing of a grantable petition was unintentional.

The present petition has been found to be in compliance with 37
CFR 1.137(f). Accordingly, the failure to timely notify the
Office of a foreign or international filing within 45 days after
the date of filing of such foreign or international application
as provided by 35 U.S.C. § 122(b) (2) (B) (i) has been rescinded.

A Notice of Allowability and a Notice of Allowance and Fee(s) Due
were mailed in this case on 26 September, 2005. However, in view
of the nonpublication request filed with the application, the
Notice of Allowance mailed in this case did not require the
submission of a publication fee. Therefore, in view of the
rescinding of the nonpublication request, a Notice of Publication
Fee Due is being mailed under separate cover. Petitioner should
note that payment of the publication fee is required to be filed
within the period set forth in the Notice to avoid abandonment of
the application.

A projected publication date will be assigned in due course.
Petitioner will be notified of this date in a separate
correspondence.

The application is being referred to the Office of Publication to
await receipt of the issue fee.

Any inquiries concerning this decision may be directed to the
undersigned at 571.272.3231.

AP osl
Douglas I. Wood

Senior Petitions Attorney
Office of Petitions
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

‘www.uspto.gov

| APPLICATION NUMBER | FILING/RECEIPT DATE | FIRSTNAMED APPLICANT | ATTY. DOCKET NO. |
10/784,613 02/23/2004 Yannis Tsividis ’ - 021673-000210US
CONFIRMATION NO. 8357

08791

BLAKELY SOKOLOFF TAYLOR & ZAFMAN
12400 WILSHIRE BOULEVARD

SEVENTH FLOOR

LOS ANGELES, CA 90025-1030

" Date Mailed: 12/09/2005

Communication Regarding Rescission Of Nonpublication Request and/or Notice of
Foreign Filing

Applicant's rescission of the previously-filed nonpublication request and/or notice of foreign filing is
acknowledged. The paper has been reflected in the Patent and Trademark Office's (USPTO's) computer -
records so that the earliest possible projected publication date can be assigned.

The projected publication date is 03/16/2006.

If applicant rescinded the nonpublication request before or on the date of "foreign filing,"* then no notice
of foreign filing is required.

If applicant foreign filed the application after filing the above application and before filing the
rescission, and the rescission did not also include a notice of foreign filing, then a notice of foreign filing
(not merely a rescission) is required to be filed within 45 days of the date of foreign filing. See 35

U.S.C. § 122(b)(2)(B)(iii), and Clarification of the United States Patent and Trademark Office's
Interpretation of the Provisions of 35 U.S.C. § 122(b)(2)(B)(ii)-(iv), 1272 Off. Gaz. Pat. Office 22 (July
1, 2003).

If a notice of foreign filing is required and is not filed within 45 days of the date of foreign filing, then
the application becomes abandoned pursuant to 35 U.S.C. § 122(b)(2)(B)(iii). In this situation, applicant
should either file a petition to revive or notify the Office that the application is abandoned. See 37 CFR
1.137(f). Any such petition to revive will be forwarded to the Office of Petitions for a decision. Note
that the filing of the petition will not operate to stay any period of reply that may be running against the
application.

Questions regarding petitions to revive should be directed to the Office of Petitions at (571) 272-3282.
Questions regarding publications of patent applications should be directed to the patent application
publication hotline at (703) 605-4283 or by e-mail pgpub@uspto.gov.

1 Note, for purpose of this notice, that "foreign filing" means "filing an application directed to the same invention in another
country, or under a multilateral international agreement, that requires publication of applications 18 months after filing".
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PART B - FEE(S) TRANSMITTAL

ad send this form, together with applicable fee(s), to: Mail = Mail Stop ISSUE FEE
ommissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

or Fax (571) 273-2885

Phis form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
er correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
3 onf'gctcd below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
Bg o€ notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block | for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal, This certificate cannot be used for any other accompanying
Eapcrs. Each additional paper, such as an assignment or formal drawing, must

20350 7590 09/26/2005 ave its own certificate of mailing or transmission.
TOWNSENB-AND-FOWNSEND AND-CREW, 11-P hereb Certificate of Mailing or Transmission
—— WO I hereby certify that this Fee(s) Transmittal is being deposited with the United
¥ EMBARCADERO-CENTER States Postal ?;:rvicc with sus'i)lcient postage for first class mail in an envelope
EfGHTHFL-060R addressed to the Mail Stog ISSUE FEE address above, or being facsimile
SAN-FRANEISCOCAS41+H~3834 transmitted to the USPTO (571) 273-2885, on the date indicated below.
3
Blakely, Sokdloff, Taylor & Zafman LLP Jesgica A. Cl@rkn / h/ (Depositor's name)
12400 Wilshire Boulevard; Seventh Floor (& [ Lo (Signature)
Los Angéles, CA 90025 Defember 27, 2005 (Date)
1
| appLicaTionNO. | FILING DATE | FIRST NAMED INVENTOR | | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
10/784,613 02/23/2004 Yannis Tsividis 021673-000210US 8357
TITLE OF INVENTION: POWER DISSIPATION REDUCTION IN WIRELESS TRANSCEIVER‘S] 12/30/2005 SFELEKER 00000074 10784613
© 01 FC:2501 700.00 0P
| 02 FC:1504 300.00 0P
[ APPLN. TYPE i SMALL ENTITY l ISSUE FEE | PUBL;’CAno&h’zARUOUI TOTAL FEE(S) DUE | S i
nonprovisional YES $700 | $0- $700- 12/27/2005
$300 $1600
| EXAMINER | ART UNIT |  cLasssuscLass |
VUONG, QUOCHIEN B 2685 455-574000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). (1) the names of up to 3 registered patent attorneys 1 Blakely » Sokoloff,
U Change of cone?é)ndence address (or Change of Correspondence or agents OR, alternatively, Taylor & Zafman LLP
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2
U "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFK 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY arid STATE OR COUNTRY)
Theta Microelectronics, Inc. San Jose, California

Please check the appropriate assignee category or categories (will not be printed on the patent) : U Individual Corporation or other private group entity O Government

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s): ‘
@ Issue Fee g A check in the amount of the fee(s) is enclosed.
m Publication Fee (No small entity discount permitted) (] Payment by credit card. Form PTO-2038 is attached.
Advance Order - # of Copies 10 @ The Director is heret;y authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number __ ()2-2666 enclose an extra copy of this form).

5. Change in-Entity Status (from status indicated above)
Qa Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ob. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-a%ply any previously paid issue fee to the application identified above.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Tradgmark Office. :

Authorized Signal Date December 27, 2005

I

t

)

Typed or printed name ger W. Blakely, J / | Registration No. 25,831

This collection of information is required by 37 CFR 1.311. The i?nnation is required to obtain or rémin a benefit b{ the public which is to file (and by the USPTO to process
i

an application. Confidentiality is governed by 35 U.S.C. 122 and Y7 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, an

submitting the completed application form to the USPTO. Time 4vill déﬁgndinf upon the individual case. Any comments on the amount of time you require to complete

this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department o Commcrce,g’.o.

E?x I4gg, A\l,qxap ! 3,2 ;/ir iln‘ig 022313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
exandria, Virginia - .

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 07/05) Approved for use through 04/30/2007. OMB 0651-0033  U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
' Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 US.C.§ 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the Eastern District of Texas, Marshall Division on the following
O Trademarks or  [ff Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:16-Cv-527 5/18/2016 for the Eastern District of Texas, Marshall Division
PLAINTIFF DEFENDANT
THETAIP, LLC SAMSUNG ELECTRONICS CO., LTD., and SAMSUNG
ELECTRONICS AMERICA, INC.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 7,010,330 3/7/2006 THETAIP, LLC
2 9,331,728 5/3/2016 THETA IP, LLC
3
4
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[] Amendment J Answer [ Cross Biil O Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
i
2
3
4
S
In the above—entitled case, the following decision has been rendered or Jjudgement issued;
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director  Copy 4—Case file copy IPR2024-00816
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Case 2:16-cv-00527-JRG-RSP Document 4 Filed 05/18/16 Page 1 of 1 PagelD #: 66

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the Eastern District of Texas, Marshall Division on the following
[] Trademarks or [V Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:16-cv-527 5/18/2016 for the Eastern District of Texas, Marshall Division

PLAINTIFF DEFENDANT

Theta IP, LLC Samsung Electronics Co., Ltd.; Samsung Electronics

America, Inc.; Samsung Telecommunications America,
LLC
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 7010830 3/7/2006 Theta IP, LLC

2 9331728 5/3/2016 Theta IP, LLC

3

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director

Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 4—Case file copy

Copy 3—Upon termination of action, mail this copy to Director
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Case: L22-0v-03441 Document # § Filed: O7/05/22 Page 1 of 27 PagelD #1458

AQ 120 (Rev. 08/103

Mail Stop 8
Bircctor of the U.8. Patent and Trademark Oifice
P.O. Box 1450
Alexandria, VA 22313-145¢

T

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

In Compliance with 35 U.S.C. § 299 aud/or 15 U.S.C. § 1116 vou are hereby advised that a court action has been

filed in the U.S. District Court

Northermn District of Hlinois/Eastern Division

on the following

3 Trademarks or [ Patents. ([ the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
W TN Y i N QRI3GI20272 Nodbaom District of WingisdEastierg Dibdsion
PLAWNTIFF DEFENDANTY

Theta 1P, LLC

Motorola Mobility LLC, Lenovo (United Stales) inc,,
Lenovo Group Limited

DATE OF PATENT
OR TRADEMARK

PATENT OR
TRADEMARK NO.

HOLDER OF PATENT OR TRADEMARK

! See Attached

In the above—entitled case, the following patent(s) trademark(s) have been inciuded:

DATE INCLUDED INCLUDEDR BY

71 Amendruent

T3 Answer {1 Cross Bill i1 Other Pleading

PATENT OR DATE OF PATENT . T YE D A TR DEMARK
TRADEMARK NO, R TRADEMARK HOLDER OF PATENT OR TRADEM!
i
5
4
5

n the above—entitled case, the following decision has been rendered or judgement issued:

DECISIONJUDGEMENT

CLERK
Thomas . Bruton

(BY) DEPUTY CLERK
David Jozwiak

DATE

07/05/2022

Caopy —Upon initiation of action, mail this copy to Birector

{opy 2—Upon filing document adding patent(s), reail thic copy to Birector

Copy 3—~Upon termination of action, mail this copy to Bivector

Copy 4-—Case file copy
IPR2024-00816
Apple EX1002 Page 360

IPR2023-00818
Theta EX2019




Cask: L22-0v-0%44Y Document #: & Filsi: 07005 RARR 0t RICReqeiHISE

U.S. Patent Mar. 7, 2006 Sheet 6 of 15 US 7,010,330 B1
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Case LE2-0w-I3¢41 Dogunnant &

E PR Peged

SABLIPEFRpeir g

US 7,010,330 Bl

1
POWER BISSIPATION REDUCTRON IN
WIRELESS TRANSCEIVERS

CROSS-REFERENCES 10 RELATED

2
made {0 elecironic systems geoerally, and are patticularly
suited and discussed below in the context of a wireless
transceiver that may be used in networking devices, cellular
teleptiones, and other wireless systems.

APPLICATIONS 5 Aua exemplary embodiment of the preseunt fnvention pro-
vides a method of receiving a signal using an rniegrated

This application clairus the benefit of U.S. provisional circnit. The mtegrated cieenit includes a sigual path having
application No. 60/ 9, filed Mar. 1, 2003, which is a low-goise amplifier configured to receive the signal, a
wcorporated by ret ixer haviog an nput coupled to an output of the low-noise

This application is 1 la d w0 U5, prov plication 10 amplificr, and a low-pass lter having an input coupled to-an
No. 60/451,230, tiled Mar. 1, 2003, which is m\orpor ated by output of the mixer. The method its lf includes determining
reference. a first signal strength at a first node in the signal path 1o the

integrated civenit and dynamicaily changing an impedance
BACKGROUND of 3 component in the signal path based on the first signal
i5 steength.

'the present invention relates to power dissipation reduc- A further exemplary embodiment of the present invention
tion techniques for electropic cirenits, for example wireless provides a method of receiving a signal using ap iniegrated
transceiver integrated circuits. cirenit. The integrated cicuit includes a sigaal path having

Wireless nstworking is quickly becoming ubiguitous, as a low-noise amplifier configured 10 receive the signal, a
des 3\ ‘P notebook, and bandheld computers are congected 20 mixer having an luput coupled to an output of the low-noise
to share Internet access and ﬂ--m Wireless networking cards amplifier, and a Jow-pass Slter haviog an input coupled to-an

compatible with PCMCIA and compact flash form factors oufput of the mixer. The method itself includes defermining
ate popular for laptops and handhelds respectively, particu- a first signal strength at 2 first node in the signal path in the
lacly as mobile users connect o the Internet on the road at ]n[L\7r<gjpd ireuit and dynam]bdﬂy hag)g{[}g a bias current
coffee shops, hotels, and airports. 25 the signal patk based on the first signal strength.

A downside of this conunectivity 15 a corresponding drain Agother excmplary embodiment of the present invention
on battery life, especially for these portable devices. The provides a method of receiving a signal using an integrated
power consumed by a wireless transmitier and receiver circuit. The integrated circuit includes a signal path having
reduces the uselulness of a device and sends a user on 4 hunt 4 first circuil and a second circuil having au input coupled to
for an clectrical outiet midrgm 30 an output of the first cieonit. The method itself 1ocludes

One resson why this power drain is high is that cleeironic determining s first signal strength at a fist node in the sig
circuits are typreally desigued to ction properly under path in the integrated circuif. ‘I'hc fiest ode s before the f
worsi-case operating conditions. For a wireless fransceiver, circuit in the wynai path. The method further includes
‘hc WOrst €ase con when a desired signal reception dynamically changing 2 gatn of the fiest circuil based oo the

strength is low, while ot 161 Lraﬁscei\'er% or nearby electronic 35 first signal strength and dynamically changing an impedance
eqm pment generate interfering signals and other spuricus of & component in the second cirenit based on the first signal
n0ise. strengih.

But a wircless trapsceiver does noi always operate in Sutl a further exemplary embodiment of the present
these worst sonditions. For example, a base station, invention p[OV-\.t/b 2 wireless transceiver integrated circuit
ronter or acoess point may be nearby .mc'\i*\ai the received 40 mf'_udmb receiver having a signal path. e signal path
signal is strong. Also, there rmay be no etfumg signals, or including a low-noise amplifi fet, & m ixer hav s
they may be rela tvdy weak. fn thf«e sitnations, receiver coupled o an output of the &
circuit eurrents can be reduced below what is necessary for low-pass filter having an inpuf coL‘p d to an oufpu- of the
the worst case condition. I this is done, power dissipation 1s wmixer, as wejl first signal strength indicalor clrcuit
reduced, and batiery life s increased. 45 coupled to the signal path and configured to determine a first

Thus, what is needed are cirenits and methods that can sigual strength. An impedance 3u the signal path 15 config-
adapt to a beiter-than-worst-case condition and rrdme clig- ured to be dynamically adjusted in response (¢ the first signal
cuit cwrrents and therefore power dissipation ace strength.

Yet a further exemplary embodiment of the present inven-
SUMMARY 50 ton provides a wireless fransceiver iutegrated circuit. This
itegrated cireuit includes a receiver comprising a signal

Accordingly; exibodinents of the preseat invention pro- path, the signal path having 2 low-uoise amphifier, 2 mixer
vide methods and circnits for reducing power dissipation in having an inpui coupled o an output of the low-noise
wircless transceivers and other electronic cirenits and sys- amplifier, and a low-pass fiter having an input coupled to an
tens. Embodiments of the present invention use bias cuxrent 55 output of the mixer, as well as 2 first signal streagth indicator
reduction, impedance sz.:zlmg, gatn, and other dynamic it &:oup}ed io the signal path, suad con :gured o deter-
changes either scparately or in combination to reduce power mine a first signal strength. A bias current in the signal path
dissipation 1 TESPORSE {0 tetter-than-worst case conditions is confignred to be d)ynamu,dhy adjusted o response fo the
For example, bias currents are reduced in response (o a m,ed first signal strength,
for reduced sigoul haodling capability, impedances are 56 Another excruplary embodiment of the present inveation
scaled thus reducing required drive and other blag currents provides a wireless fransceiver integrated cireuit. This cir-
in response to & strong received signal, or gain is varied aad cuit includes a receiver comprising a 51gn::l p&‘{h the signal
impedances are scaled in response 0 2 low recewved signal path having a first circuit; and a second circuit having ag
in the presence of no or weak inferfering siguals. Alternately, input coupled to an output of the first circuit; as well as a first
currents may stari low and be increased in response to 55 signal sirength indicator cireuit coupled o the signal pﬂh

worse-than-besi-case conditions, or they may start al a powt
in between and vary up or down. These variations may be

and configured to determine a first signal strength. A gain of
the first circuit is configured to be dynamically adjusted in
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3 sigual strength, and 2u inapedance 1 the
second cireudt s contigured to be dynamically adjusted in
respense to the first signal strength.

better understanding of the natwre and advantages of the

4
There are three main portions of t uit, &
receiver, transmitier, and syuthesizer. This trausceiver may
be completely or partially integrated on a semiconduc
chip, or 1t may be integrated onto maltiple integrated cir-

presont invention may be gained with refercoce to the 5§ cuils. In a specific embodiment, the circuitry bounded by
following detailed description and ihe accompanying draw- dashed line 168 15 integrated on a single chip coupled to one
ings. or more external components ot circuits. The integrated
circuit or circuits forming this wircless trapsceiver may
BRIEF DESCRIPTION OF THE DRAWIMNGS incorporate vanous integrated civenmit devices such as a
10 bipolar, CMOS, or BICMUS devices made using a sibeon,
F1i3. 1 s a block disgram of a wireless trausceiver that silicon-germanium (S1Ge), gallium arsenide or other -V
may beneflt by incorporation of embodiments of the present process, or other manufacturing process. Embodiments of
wvention; the present invention may also be applicable to circuits
FIGS. ZA and 2B illustrate examples of desired and marufactured using nanotechunology processing.
interfering signals and noise that may be received by a 15 The receiver includes a signal path formed by Jow-noise
circust 1o 2 wireless receiver; amplifier 32, 1 and Q mixers 164 and 186, Jow pass Hlters
FEG. 3 illustrates what cag oocur as a ruaxionum sigoal 168 and 119, and bascband amplifiers 114 and 118, Other
handling capability is reduced in the worst-case signal cirenitry 10 the receiver tachudes reeéived sirength tndicator
condition; 122, awtomatic gain control cleenit 166, baseband gain
FIG. 4 illustrates a portion of a receiver consistent with an 20 control cirenit 126, tuning ciccnit 12, and offsot cancella-
embodiment of the present invention; tion clrenit 118,
PIGG. 8 illusirates the rel p between a roguired bias The 1}‘{-.nsmitte.r includes input up-converter mixers 134
current and & given oufput signal for a representative circuis; and 126, summing node 176, which may be eoncepinal
FIG. 6 is an example of how a citenit’s impedances may rather thao an actnal cireuil, tmsrait va ble gata amplifier
be scaled to reduce drive currents, and depending on the 2° 1283 and power amplifier 136, o
circuit configuration used, to reduce associated bias currents The ‘s~ymhcs'1 cr dncludes & volage-conolied oscillator
as well; },48;, which drives | and Q buﬂ‘ers 154 and 15.2, prescaler
FIG. 7 illustrates how gain may be inserfed in a 1856, reference clock buffer 142 and d;}?lder J}SS. pl}let‘.-
path o Improve a circuil’s signal o noise ratio; froquency detector 168, charge purup 162, and loop filter
FIGS. 8A-8D illusirate some of the possible power sav- 30 146, w}ilcl; i 2 spectfic embodiment is formied by extemal
g techniques that may be used when received desired and COMPORCHIS. . 5
faterferer signals ate all at a low power level; Signals are ‘i'ecewed o an apfenns, :mt showa, and
FYHES. 9A-8C Musiraie one of the possibie power saving > through an R switch and bandpass filter
techuigues that may be nsed when a recetved desired signal . . N A
is stm?ig while JH} interfering signals are at a low pr,:xicr 25 161 The low noise GnpIiIer gans the received signal and
fovel; pmvuics it to quadratite mixers 184 and ].€'§6‘ {and Q mixers
FIGS. 18A-18C illustrate one of the possible power ‘134 '"i“ﬁ 10(? dOWC'C(EHan the rc‘c.e?vcd Mglal I !)R‘SCb\af} d
saving technigues that may be nsed when received desired ? Y nm:p})mg“!h‘:}mdvgtlag .;1;;? ‘ &;I-i \jchirézo;{}}c jsw
and interferer signals are all at 2 high power level; HEOT SIGIA POV e{ ¥ DULCES e &nd | LS Gowh
FIGS, UALD illusirate ope of the possible power 7 Sonversion alsq produces a high hcgucm,y component st a
saving technigues that ruay be used whetn a : erved dl:esired qut}émy {hat ]‘S ﬁq? alio q’;%n o 1: he fraquencies of 1h¢
signal is weak while one or more Jnterfering signals are receivec‘i Signal anc e \V(‘-O‘ This unw‘;am;d s;.gr\al‘ ®
st?ong‘ = filtered by low pass i}}t@i's 188 and 116, which in -t drive
4 e v o T fhmer o ASFarid baseband amplifiers 114 and 118, The outpuis of baseband
HF‘.’ 1235 Summary ]%mét'r‘m“g fs,?ur \uﬁbr\:m WP e amplifiers 114 and 116 are typically converted to digital
cg)nd;tmns and some of ."hc Appropiale powor-saviig siguals by analog-to-digital converters at the front end of a
changes that may be mads in response {0 those conditions; digital signal processing block.
FIG. 13 Shm‘{s how power may EJC saved s é functir_?n of In the transmmit mode, § and Q versions of the signal to be
; wmpipymg G4 OF IMOTE (ft the power saving me hods transmitied are provided on lines 121 and 123 to up-convert
consistent with embodiments of the present fnvention; so mmixers 124 and 126, These up-convert mixets multiply the
F1G. 14 1s a block diagram of 2 portion of & receiver I and QO portions of the trapamit signal by quadrature
consistent with an exabodiraent of the present invention; and versions of the VOO signal provided by buifers 152 and 154.
FIG. 18 is a block diagram of a portion of a transmitter The outputs of the up-convert mixers 124 and 136 are
consistent with 4n embodiment of the present invention, summed, apd ampliﬁcd by transmit VGA 128, which m turn
55 drives power amplifier 136, The output of power amplifier
DESCRIPTION OF EXEMPLARY 138 1 typically filtered, and passes through the RF switch to
EMBODIMENTS the antenna for transm .
A reference clock is received aud buffered by the refer-
FIG. 1 is a biock diagram of a wireless trausceiver that once buffer 142. The VCO gencrates quadrature oscillatory
raay benefit by racorporation of embodiments of the present s signals that are divided by prescaler 186, The reference

tavention. This wireless transceiver may be designed to send
and receive signals cousistent with the IEEE 80211a,
802.11b, 802.11 g, or other signaling stapdard or combina-
tion of standards. This figure, as with all the included figures,
1s shown for iHusirative purposes only and does not to limit
cither the possible embodiments of the present iaveution ot
the claims.

clock s typically generated by a crystal or other stable
periodic clock source. The phase-frequency detector 116
compares the phase or frequency {depending on whether the

whicl drives the charge pump 162, The outpmt signal of the
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charge purap 162 is filiered by the loop filier 146, which is
commenly a lead-lag filter, and which provides a tuning or
correction signal o the VCO 148,

Embodiments of the present invention way be nsed to

reless receivers, a clreuil at different times will
receive an input spectoum similar to those shown in FIGS.

Often 3o wi

2ZA and 2B. The input spectrum of FIG. 2B is generally
considered the worst-case input sigunal, and typical design

reduce the power dissipation of ope or more of these 35 methodol involves designing a receiver for this condi-
included circuiis. For example, the pmwcr dis: f1on, specifically the weakest desired signal accompanied by
fow-noise amplifier 12, dowa-convert mixers 15}4 d[hi 1@)6 Jaxgest mtukra')w Jevel. Cirenit impcdmcu and ot
iow pas ﬁitefs 168 and 118, or baseband ar phﬁers 114 and are set such that the noise floor 264 is sufficiently low for an
116 may be optimized. Also s power dissipation in up-converi aceeptable bit-emror rate, winle bias cusrents are set suffi-
raixers §24 126, variable gain arplifier 128, and power 10 ciently tigh for the required Sroax 262.
amplifier 13¢ may alse be optimized. Similarly, VCO 148 Umv:,rs\ v, the input spectrum in FIG, 2A is that of the
and prescaler 136 cugents may be adjusted. Embodiments best-case input signal, specifically, a robust desired signa
of the present mvention may also be applisd in other circuits acepmpauied by wo or low-level interferers. In this case, the
which may be inchuded in other integrated circuit receivers, notse floor 234 may be allowed to risc, while the maximum
teansmitters, fransceivers, or other electromie circnits or 15 signal handiing caﬁahil"iv Snax 212 may be reduced. When
sysicms this is done, tha receiver cirenit muay save siguificant power.
en 4 receiver is actively recet vmg a desired signal, For example, the circuit’s impedances may be increased,
each block in the signal path has at s input the desired thus reducing requited dave currents. Stmilarly, bilas cur-
signal as well as notse and pusﬂbw interfering siguals. The reuls may be Jowered, thus reducing the maximum signal in
{esired sigpal is the useful, 1 m.unna.xu(z-catryxng portion of 20 handling wpah*
a received sigual. The noise may be thepal, shot, o other The mimmum power dquzxmun for a cirendt is propor
noise generated on the integrated ciremit, in addition to tional to the reguired maximum signal-to-noise ratio, wamh
received noise generated by sources external to the chip. The is the ratio between Smax 212 or 262 and N 214 and 264
notse at the foput of a block raay be referred 1o as the Thus, & circuit receiving an input similar fo the ooe shown
equivalent input noise. The interfering signal or signals, or 25 in FIG. 2A can dissipate less power than one receiving the
miterferers, may be generated by similar tragsceivers, of input as showa 1o F1G. 28, while sl achieving an accept-
other electrical equipment, clreuils, or sysiems. able bit-error rate.

FIGS. ZA and 2B illusirate examples of desired signals, FIG. 3 illustrates what can occur when the maximurm
interferees, and poise that may be received by one of the signal handimg capability Sruax 314 is reduced in the
various circuits moa wireless receiver. In each of these 30 worst-case condition, that is when a weak desired signal 388
figures, the signal strength is plotted along a Y-axis 284 or is accompanied by large interfercrs 318 and 313, Again,
254 as a function of frequency along an X-axis 282 or 252. signal streagtt 15 plotted along & Y-axis 384 as a fuoction of
In the example of FIG. 24, & weceived desired signal 286 is frequency along X-axis 2. In this specific example, Smax
iarge in companson to interfering sigoals 288 apd 216 In 314 is reduced below the peak levels of the interferers 316
these examples, tvo ruterfering signals are shown for iflus- 35 and 312, Since Smax is low, the circuil cannot handle the
rative purposes, though there may be no such signals, one interferers linearly. The resulting nonlinearities lead to a
such sigpal, or more thag two such signals in the frequency mixing of the interferers and the creation of intermodulation

e of interest. Also, while for these examples the inter- p:oducts 388 {for example, & third-crder ntermodudation

rs are shown as being at a higher frequency than the distortion, IM3}, one of which in this example occurs at the
desired signal, there may be one or more interferers at higher 40 same frequency as the desived signal 386. As can be seen, 1f
or lower fregquencies as the desived signal. In this specific the intermandulation products 338 become excessive, the
example, the acceptable n v high, received signal bit error rate may become excessive, and the
while maximum signal handling capability Smax u12 {that desived signal 336 may be lost. Accordingly, winle Smax
is the maximum signal power that can be handled with an may be lowered even under some unfavorable conditions in
acceptably low distortion) needs only to be high enough to 45 order to reduce power, care should be taken to avoid
accornmaodate the desired signal. For this specific example, corruption of the received desired sigral.
the circuit receiving this inpui spectrum only requires a FIG. 4 iHustrates a portion of 2 rece consistent with au
relatively small dypamic range for proper operation, that is embodiment of the present invention. Igciuded is a filter
the rapge between Sniax ..12 and the noise floor 214 is 430, An optional gain cloment 428 is placed in front of the
relatively small. 5o filter 43@ in order o increase signal levels. Signal strength

Conversely, in the example shown ia FIG. 2B, the desired indicator cireuits 446 and 458 are connected 1o input lige
signal 286 is relatively weak compared to the large intee- 418 aad output bue 468, In this speeifie example, the 1oput
ferers 258 and 260, In this example, the noise foor 264 signal spectrum on line 419 is ihowq as desired signal 412
should be relatively low so as to prevent an unacceptable and interferers 414 and 416, The signal spectrura af the
tevel of ereor In the recovery the desired sigual 256, The 55 output tine 468 15 shown as desired signat 462 2ad 1uterierers
maximum sigaal bandling capability Smax 262 shouid be 464 and 466. The sigpal strength {ndicators 448 and 458 do
relatively high to accommodate the large interferers tn order not-provide mnformation as to the relative sizes of the desired
o avoid the creation of imiermodulation producis as and taterfering signals. Rather, a cumudative signal level is
described below. Accordingly, in this specific example, the provided at their outputs. For example, the first sigpal
ciecuit recerving this {nput spectrum shounld bave & large s0 strength Indicator 448 outputs & level corresponding to the
dynamic range, particularly in comparison to the example of sun of desired sigral 412 and interfering s 414 and
FIG. 2A 416, while the second signal strength ind v 430 provides

ft should be ooted that the noise level or noise floors asignal lo orresponding to the sum of desired signal 462
shown in these and the other inchuded figures is the noise and interf signals 464 and 466. In this specific example,
density integrated over the bandwidth of interest. For sim- 55 the gain of the gato apd filler circuil combinations is shown

plicity and x,omparison this Jevel is shown as a horizontal
iine, and is not meant to imply noise density.

while the mterferi
uced.

as approximately one,
416 signal levels are redu

&

ignals 414 and
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A corparson of the signal leve by the signal
strength indicators 444 and 434 indicates that wuch of the
combined received signal on line 41¢ has been filtered.
Accordingly, ¢ raay be deduced that lagge lnterfenag siguals

8

FIG. 7 silustrafes another degree of freedom that made be
employed to reduce current levels in & transcetver. Specifi-
cally, 2 gain element 728 may be inserted in front of a circuit
block 736 1n order o improve the conbined arcuit’s signal-

present at the {oput are belng Giltered by the flter 430, From 5 to-noise ratio by a factor equal 1o the g ;,ain of the tmserted
this informatior, as will be shown 1 greater detarl below, the gain block This is particularly uscful when large interfercrs
bias, impedance, and gain of the gato stage 428 and filter 43¢ ar and the desired received signal is Zn(,\dnrdm ot Jow.
combination may be o pti'rized to reduce power dissipation. Spi "‘Clﬁk, 1lly, gain is added to the signal while impedances
There sre several real world situations where the recetved are iﬂL‘:C:Lde, which raise the noise floor. In this way, 2 given
signal is betfer thas the worst-case condinon such that power 10 signal-to-noise ratio may be maintained while the power 1s
can be saved, For example, large interferers may be present decreased.
only pagt of the time, that is, on a leraporary or transient The gun of such an elernent may be varied by increasing
basis. The inferfering equipment may be some distance from a cwrrent ip 2 differential pair or increasing & load resistance
the transceiver, or it may be operating 1n the low power using switches. Many other examples where the gain of this
riode. Also, the esired signal may be very sirong as 15 el@m' i xnay be varied will be appreciated by one sintied in
compared {0 the noise and interferers, for example a bub, the art.
router, or access point may be nearby. These wvariables, or degrees of freedom, specifically
S-) ne transceivers consistent with embodiments of the reducing bias cureents, Increastug impedances, and mereas-
present invention are designed to work with wore than one ing gain may be used as in the fa)l-uw g examples.
dat" transfer specification or standard. In this case, whenna 20 FIG. BA is a block diagram of 2 functional block 828 and
fransceiver 1s operatiug (o 2 mode baviag 2 Jower data rate, optional gain element 818 {n accordance with an embodi-
the power saving techniques described here may be ment of the present Invention. Functional block 824, like the
employed. functional blocks in the following diagrams, may be a filter,
F1G. 8§ illustrates the relationship between a reguired mixer, amphitier, or othee circuit or cirwcnits in a wireless
biased current 516 for a given output smml 514 for a 25 transceiver or other electronic circuils or system. An input
representative cireuit 338, If the output signal current Jevel signal 1s received on line 812 by the optional gain clement
is relatively low, such as the output current shown as 526, 814, When the optional gain block 81€ is not uscd. the input
the cnrrespondmg bias current 528 may be low. Conversely, signal may be received duwtly by the § n block ‘321}
if the outpui signal current level is 1a'g<,: as with the example The gam of the r‘puot'al gata element SL. is controlled by
534, the corresponding bias current level 338 should also be 30 & gain control signal on bue 814, The functional block
high. Accordmgly, if a bias current is initiaily set high to receives an ouipui signal from the optional gain element 81¢
haodle large a large tuput signal, for example a large and provides an output VOUT on line 822. The lines in this
interferer, this current may be reduced if the tnput signal is and the other inciuded igures may be one or more lines,
smaller. depending on whether single-ended, differential, or other
There are many ways by which these bias currents can be 35 type of signaling is employed.
reduced. For example, the current may be generated by One or more "mped(mce‘s are under control of signals on
placing a voltage across a resistor by .mplv'n a bias voltage impedance control lines 824. Similarly, one or more bas
i the base of a device whose emitier is connected to grovad currents fu the function block are under control of one or
through a resistance. In this case, the resistor may be more signals on bias control lines §26. These various control
increased by openug switches across portions of the resis- 40 lines may be logic signals, analog signals, voltage or cus-
tance, ot lowering the biss voltage applied at the base. reuls lines, or other signal or bias lines. In other embodi-
R 1 ways 1o which this may be doune will be readily ments of the present invention, the gain control element 81¢
upderstood by ope skilied in the art. may be included in the function block B20. Also, various
FIG. 6 is an exaniple of how a cirenit’s impedances may embodiments may not ncorporate either or both the tmped-
be scaled to reduce drive currents, and, depending on the 45 ance control and bias conirol.
circuit counfigaration used, associated bias cureents as well. FIG. 83 is an example mput that may be prese ot on lae
A driver 612 hac ad R 814 and C 618. The frequency VIN 812, Iu ‘.,ple a desired ively
response of this circuit is the same as that seen by driver 622, weak, as are interforing signals 837 and 838, th initial bias
which drives an 1[‘1pcf‘2ncc of 2R 624 and C/2 626. Bui the and circuit configuration is such that the nose ficor 833 and
fmpedance of the load seen by driver 622 is double that seen 3¢ maximum signal handling capability Smax 831 are adjusted
by 612, thus the output current required by the driver 622 is for worst case conditions. The eirenit of FI1G. 8A, as with ail
reduced by one- the cireusts described here, receives noise at its {nput which
As an example, ﬂ‘{, cutput stage of each of these drivers may be referred to as ipput equivalent noise or lnput referred
may be a Class A emitter follower formed by an emittor aoise. Additionally, the circuit of FIG. BA generates goise
follower counected 10 2 current source. When the outputs are 55 which 1s added (o the input referred noise. Depending on the
drven high, the emitier of driver 622 need supply only gain characterstics of the circuiiry, the oulpwt usise af
onec-half the dnve current as daver 612, In this way, an various frequencies may be greater than, cqual to, or less
impedance can be scaled in order to decrease a circuit’s than the inpui referred noise. For stmplicity, the noise floor
required drive cumrent. and maximum signal handling capability Smax, in this and
Also, the discharge current for driver 622 {s only one | a0 the other figures, are shown as straight lines, though the
that of driver 812 for a given negative-going slew rate. aoise. and Smax are fypically curved ag 2 fupction of
the current source of 6.,2 may bs, reduced by the same Jdnr frequency.
of one-half as compared to drver 612, In this example, the That the ioput spectrum 18 as shown in FIG. 8B can be
bias current, that is the current in the pull-down current determined, for example, by low signal sirength indications
source can be reduced. Many othes e\umplcs where drive 55 on line VIN 812 and VOU'T 822. That is, a low level signal

currents and possibly bias curres e reduced will be

appreciated by one skilled in the art.

steengih indication oo Hee VIN 812 {odic
of the input signal is partienlarly large.

5 that ne portion
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oy this excmuplacy mpat, th are at Jeast two methods
by which the power dissipation for this cireuifry may be
reduced. Deponding on the exact ciremiis and siructures
used, one of these ruethods may be peeferred.

16

FIG. 103 ilusirates a received signal that may be received
on Hoe VIN 1012, o this examgle, the destred signal 183¢
and interferers 1037 and 1638 are each relatively large. This
may be determined, for example, by detecting 2 large signal

T FIG. 8C, the bias current is decreased, thereby lowering 5 level at the input line VIN 812 and a smaller signal level
the maxinvum signal handiing capability 841 as compared to after a filter, since these readings would 1ndicate that a large
831, closer 1o the desired aod interfering sigunal levels. sigual is received, but thatl interferers are belug reduced.
Again, the bias currents in the function block 828 may be As before, in this example, the noise floor 1833 and
reduced by switching tmpedances that appear across a maximum signal haodling capability 1831 are iniitally set
voltage thereby changing a resulting bias cureent, by redue- ¢ for the worst couditions. Suuce the ed signal 1s
ing a voltage at the gate of a MOS or base of a bipolar relatively large in this case, the noise floor may be allowed
ransistor, or by other methods. 1o rise, a shown by noise floor 1843 10 FIG. 16C. Since the

In FIG. 813, a second method of reducing power dissipa- desived signal 1846 and interferers 1047 are large, the
tion in the function block 82¢ is emploved. Specifically, maxinum signal handiing capability Smax 141 remains
smax B51 s held constagt as compared Swmax 831, The 15 constant. Again, the woise floor is locreased by jucreasing
desired and intedfecng signals are amplified such that they impedances o the function block 1828, This reduces the
are closer o the available signaling handling capability 851. required drive current, and may also allow for a reduction in
Also, the noise floor 853 {s carsed as compared to Boise foor blas chrrenis.

833 in FIG. 8R. Specifically, the noise contubuted by the FIG. Il A ilustrates a block diagram tnctuding an optional
function block 820 is increased, such that the noise at its 20 gain efement 1318 and function block 1126 i accordance
oulpui is increased 1o poise floor 853, This is dons with an embodiment of the present conveniion. Au input
fncreasing oue or wovs impedance in function block 818, signal is veceived on line 1312 by the optional gain countrol
such that drive currenis inside that bl clement 1116, while an output signal is provided by the
Depeading on the exact configuration, this may alse allow function block 1128 on hae VOUT 1122, Gatu, impedance,
some biasing currents o be reduced, while maintaining the 25 and biss control signals are reccived on lines 1114, 1124, and
maximum signal hapdling capability 831 at a sufficient level. 1126.

Alternately, these two methods of reducing power dissipa- FIG. 31R ts an exemplary inpul signal that may be
fion in function block 826 may be done in combination. received by the gain control elernent 13118 on line VIN 1113

The dncluded examples are explained for the excmplary 1n this specific example, the desired signal 3136 1s relatively
sitnation where biasing aud other parameters are set for 30 Jow or weak while the interfering signals 1137 and 1138 are
worsi-case conditions, and then changed to save power large. This may be determined, for example, by detecting a
when it 3s discoversd that the conditions are better-than- ce signal level at the wpnt bue VIN 812 and a much
waorst case. Alternately, the bias currents and other param- ller signal level after a filier, since these readings would
eiers may be set for maximum power savings, of an intet- indicate that a large signal is received and that large inter-
mediate point, and the power can be adjis 35 ferers are being reduced such that the resulting signal, the

Fltz. 8A sllustrates a block diagram including an optional desired signal, is relatively weak.
gain clement 210 and funcion block 926, Agam, ao input Again, the maximnm signal handling capability 1131 and
signal is received on line $12 by optional gain element #1484 aoise fioor 1133 are {nitially set for worst case condivons. I
which in turn drives function block 928 The function block the desired signal is sufficiently low, while the lnterferers are
provides an output VOUT oa line 822, and receives imped- 40 sufficiently high, power savings may not be achicvable over
ance and bias conirol signals on lines %24 and %26. the worst case setfings, since this is in fact the worst case

FI(r. 9B shows the specimm for what may be considered condition. Buy, if the desired signal is somewhat larger than

received sigoal. Specifically, the desired sigaal the worst case condiiion, then power may be saved in at least
7, 937 and 938 are two different ways.
relatively weak, This may be determined, for example, by 45 For example, FIG. 11C shows the maximum signal han-
detecting a large signal level at the {oput tine VIN 812 and dling capability 1141 being lowered. In this case, the inter-
a large signal level after a filier, since these readings would fering signals 1147 in 1148 began 1o clip and distort, thereby
indicate that a large signal is received, but that it is at the creating intermodulation products 1145, which distort the
desired signal frequency. desired signal 3346, So long as care is taken to not cormupt

The maximum signaling capability 831 and votse floor 50 the desived signal 1146 beyond an acceptable L, typically
933 are shown as being set for the worst case conditions. ln measured by a bit-crror rate, power may be reduced in this
ihis case, the noise floor 933 1s lower than the maximum way.
allowed for proper signal reception. Accordingly, ope or Similarly, in FIG., 11D, the noise floor 1153 is raised
more impedance 1n the function block 928 may be increase somewhat, thereby saving power. Again, this may be done so
suct that the noise floor 943 rises as shown in FiG. 55 long as the voise foor is not sufficiently high that the system
ihis way one or mow the ing currents in the fact hit-error tate becomes unacceptable.
block 928 may be reduced. Similarly, since the drive current FIG. 12 is a swmmary of the ve four examples. The
is reduced, one ot more bias eurrent may also be redused, received sigual strengths are shown in eolumu 1218, while
depending on the exact circuit configuration. appropriate power saving respouses are lsted in column

FIG. 18A ilusirates a block diagram showing an optional s¢ 1226, Specifically, in row 1238, the desired signal amd
gain element 1818 driving a function block 1024 An toput interferer signal strengths are both weak or smalll In this
signal is received by the gain element 1018 on line 1812, 2ad case, proper responses include decreasing Smax, or increas-
an output is provided by function block 1826 on hae VOUT ing one or more circuit impedances while increasing the
1822, Oue or more gain control signals present on lines 1414 circuit gain. Depending on the exact civenit configuration,
control the gain of gain control clement 310, while one or 55 one of these options may be preferred over the other

rore yupedance and blas control signals are received by the
function biock 1428 on line to 1024 and 1626,

Alternately, they may be done 19 corabination, or doue ir
combipation with other power saving techniques. Also, in
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seane specific ernbodiments, when both desteed
inie rf(—rer signal strengths are small, the gain may need to be
increased while the impedance is maintained or not
wacreased o order 10 keep the noise floor low.

iz
third-ordet nonlincanty as weasured by 193, the thind-order
intercept point, bey(md an acceplable Hmit.
A key parameter of the VOO 1s phase noise, an increase
in which increases the sidebands on either side of the

Tnrow 1248, the desired signal strength is strong o 5 aEﬁ)ﬂ signal. During transmission, the phase noise
while the interfering signals are mrm}l. In this casc, an should be kept low to avoid interfercnce with adjacent
appropriate response s o lucrease one or rooxe of the circuit chaus M *)d for preserving raodulation information.
impedances. Again, depmdng on the exact cirenit 1 ques- During re\cpmur' however, if the cordiﬁons are better
tion, one or more of the bias currents may also be reduced. than worst case, the phase noise requirerent for the ¥ 15

Tn yow 1238, both the desis aals and interfenng 10 relaxed, and power can be saved cousistent with embodi-
signal strengths are large. Again, in this case an appropriate ments of the present invention. The achievable phase noise
response 1S 10 increase one of more of the circuit {mped- power spectral density 1s approximately inversely propor-
ances. ional o the bias current used. Thus, when low phase poise

In row 1268, the received desived signal strength s Wcak is not required during reception, current in the VOO can
ot small, while the 1uterfering signals are large. Sigce o 15 be wduced.
the worst case sitwation for which the circuit {s des Most of the power savings 1o 3 trassceiver in accordance
substantial power savings are difficult to achieve. However, with embodiments of the present invention is achieved in the
again, i the received sigual is above a minimum Ecvcl receiver portion. Additional power may be saved 1 the
necessary for propet nperatmu, some distortion of the inter- transmitfer section.
ferors or raising of the noise floor may be acceptable. 20 FIG. 15 iz 2 block diagram of a transmitter portion

It should be noted that vot all possible sigual conditions consistent with an embodireent of the present {nveation.
are listed here. For example, either the signal or interferer Included 15 a signal path formed by gain stage 1318 and
'mv be of 3 1‘c£aiively medium st“cngﬁ, or the irtcrff;rﬂ' m;-\y power amplifier 1828, The output power level is sensed by

oulput level sensing clrcuit 1858, which in turn adjusts the
are nut me am He nvey Spu(.‘fs" signal mpdnmps bb 25 biasing of the power amplifier 1528 through the power
are only gualitative. The proper response to a sg conteol circuit 1548, Additionally, a tragsmitter level control
coudition depur‘di on the embodiment of the present inven- signal is received by power control circnits 1538 and 1548,
tion, the particular cirenit topology, the requirements of the ich in turn control the biasing of gain stage 1518 and
signaling standard used, as well as other constraints. power ampiifier 1528, Gain conteo! circuit 1568 also adjusts

F1i3. 13 35 an example shown how power may be saved as 30 the gain of gatn stage 1518 and power amphier 'HZG
a function of time by employing one or more of these Additional cirenitry that varies impedances in each of the
raethods consistent with embodiments of the present fuven- circuits may also be iochuded.
fion. Power is plotted along a Y-axis 1384 as a function of Since the gain, impedance and biasing of these blocks are
tme along X-axis 1382, Conventional worst case design being dynamically varied, care st be taken to not gega-
would fix power dissipation at line I318. As van be seen, 35 fively affect the signal being processed. Por example, spe-
dynamic power dissipation 1328 nuder the control of vari- cific embodiments of the present invention perform some or
able gains, impedances, biasing, or combination thereof, all of these variations dunng prearbie. Also, as changes
allows for a lower average power 1336 as "f-mp‘qed o the occuy, the clreuits in some embodiments are bmited such
power dlbb}[’&i{‘d 1316 by the conventional design. that they may only adapt to an improverment in condifions

F1G. 14 15 a block diagram of 4 portion of a receiver 40 after frames are cornpleted. If conditons worsen, the circuits
consistent with an embodiment of the present invention. may be allowed to change in order o save the data.
inciuded are low-noise awmplifier 1418, mixer 1428, gain Alteruately, a system may be maunually calibrated, for
stage 1438, filter 1440, AGC amphifier 1456, and VCO 1464, crample at set up, and when the getwork configuration 1s
Signal strength detection is dons at the output of the low- changed.
noise amplifier by signal strength indicator 1478, at the 45 The sbove description uf S},yulﬁ&, embodiments of the
ountput of the mixer by signal strength indicator 1472, and at invention has beew presented for the purposes of dlustration
the output of the filfer by signal strength indicator 1474. The and description. It is not fntended to be exhaustive or o lmit
outpuis of the signal sirength indicaior circuits are received the mvention to the precise form described, and many
by the computational circnit 1478, which 1o tum conirols modifications and vanations are possible in lipht of the
g_,am and powsar cont irol circuits 1484 and 1485. Power aud 50 teachiug above. The embodiments were chosen and
gatn control crrcuits 1480 and 148‘»» atrol the ¢ Dd‘(l. biasing, described 10 order to beat explain the principles of the
and 1mpedance levels of the its i the receiver signal nvention and {is pra applications to thereby enable
path. Also, the gain and power control circuits may co ontrol others skilled in the art to best utilize the invention in various
the sanwe parameters in the ‘v’U) 1466, This figure is geeatly embodirments and with various modificattions 4s are suited to
sunplified for purposes of explanation. For example, the 55 the paruwiar use contemplated.
qu;:;imiuc nature of the mixers and following pits are What is claimed is:
not shawn. Also, power-down and stari-up cireuits are not 1. A raethod of receiving a signal using an rntegrated
included. e:ircuit the integrated circuit comprising a signal path

The current level in the low-noise amplifier determines a including a low-noise amplifier configured to receive the
raadtitude of pararaeters including voltage gain, huearity, s¢ mgml, a mixer having an inpat coupled 1o an output of the
fput impedance matching, and noise Hgure. When conidi- low-noise amplifier, and a Jow-pass filter baving an input
fions are better than worst-case, some of these parameters coupled to an output of the mixer, the method comprising:
may be reiaxed while maintaining an aceeptable bit-error defermining 2 first signal strength at a first node in the
rate, thus saving power. signal path 1o the integrated civeniy; and

The blas current in the mixers effect that block’s noise »5  reducing 2 switching current in the sigaal path by dynami-

figure awd Buearity. Care is faken in reducing power i this
block so as not fo increase nonlinearities, particularly the

cally changing an impedance of a component in the
signal path based on the first signal strength.
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2. 11; method of claim 1 wherein the signal comprises a

ance are changed while receiving the preamble portion, and

preambie port tion aud 2 data pertion, the impedance of a the method further comprises receiving the data pottion of
comp: 1mt is changed while receiving the preamble pomur the signal.
and h(_ method further compuses receiving the data portion 19. The niethed of claim 18 further corrprismg
of the signal. 5 determining a second signal streugth at & second node 1n
3. The method of claim 2 furtber comprising: the signal path, wh 1 the second node in the sigos
determtining a second signal sirength at a second node i path s after the second circmt fn the signal path.
the signal paih, Wherem the second node in the signal 24, The method of claim 18 wherein the gain of the first
path is afier the first node in the signal path. circuit apd tppedance of the component in ﬂ'e second sircuit
4. The method of claim 3 wherein the impedance of the 10 s also changed based on the second signal sirength.
component i the signal path is also chauged based ou the 23. The method of claim 18 wherein the first cirenit is a
secoud signal strength. low-noise amplifier.
5. The method of claim 2 wherein the component in the 22. The method of claim 18 wherein the first clreuit
signal path comprises a MOS tragsistor. TRIXET.
§. The method of claim 2 wherein the component in the 5 23, A wircless transceiver fntegrated cireuil comprising:
signal path comprises a resistor. a receiver comprising 2 signal path, the signal path
7. The method of claim 2 wherein the component in the comprising:
signal path comprises a capacitor. a low-noise amplifier;
8. The methed of claim 4 wherein the component in the a mixer haviag an faput coupled to an output of the
stgnal path is included in the mixer 2 low-noise ampl.iw 5 and
8. The method of claim 4 wherein the component in the 3 Jow-pass filier having au ioput coupled o an output
signal path is included in the low-pass filter. 1 and
18, Amethod of receiving a signal comprising a preamble a strength indicator civenit coupled to the
pottion and a dala pomv,n using an integrated citenit, the 2 signal path, and configured to determine a first signa
imcg(atc circnit comprising a signal ;m:h mcludicg a ngth;
io'v\ -noise amphifier configured to roceive the signal, a mixee wherein aa impedance in the signal paih is confignred to
having aun input coupled to an output of the low-noise be dynamically adjusted to reduce a switching current
amplificr, and a low-pass filter having an wput coupled to an in respouse to the first signal strength.
output of the mixer, the method compusimg: i 24 The wireless transceiver of claim 23 further compris-
determining a first sigu.f-.i strength at a first node in the ng:
signal path in the integrated cirowmit; and a second signal strength indicator circuit coupled o the
while recel Iy the qreanqbk- ‘j()riif‘:‘) of the i;iana‘[, Quiput of the ﬁ')if\'ﬁ]', and (xmfigured 1o defermine a
dynamically changing a bias current in the signal paﬁ second signal sirength,
based ow the first signal strength, and while receiving 35 wherein the first signal streagth mndicator is coupled to the
the data portion of the signal, waluiaining the bias output of the low-noise amplifier, and
current in the signal path. whereln the impedance in the signal path is configured to
11 I"IL roethod of claim 14 whc ein the method further be adjusted 3 response 1o the first and second signal
comprises receiving the data portion of the signal. strengths.
12. The method of claim 11 further comprising: 4o 28 The wircless ransceiver of clmm 23 further compns
determining a second signal strength at a second node in ing:
the signal path, wherein the second node in the signal a second signal strength m*ﬁca’ur ciremit CUL},}Cd o the
path is after the first node 1o the signal path. ouiput of the low-pass filter, and configured to deter-
13. Them sf ¢ 12 wherein the bias current in the mine a second signal strengih,
signal path is also changed based on the second signal 4% wherein the first signal strength indicator is coupled to the
eagth. output of the wixer, and
14. The method of claim 11 wherein the bias current is a whereln the impedar‘ce in the signal path is configured t
bias current for the low-noise amplifier. usted in response to the first and second nglmi
13. The method of claim 11 wheeein the bias curren - strengths
bias current for the mixer U 26, Aw:u,i ss. trafsceiver ntegrated circuit comprising:
16. The method of claim 11 th:ein the bias cutre a receiver comprising a signal path, the signal path
bias current for the low-pass filte comprising:
17, A method of receiving 2 sxgual using an integrated a fow-noise arnplificr;
55 mixer having ap inpul coupled to an cutput of the
fnchiding a first eircuit and a second circuit baving an input fow-noise amplifier; and
coupled io an output of the first cirenit, the method com- a low-pass filicr having an input coupled to an output
prising: f the mixer; and
‘ a first signal strength indicator cirewit coupled to the
E a0 sigaal path, and coufigured to determine a first signal
nods is before the fiest circuit in the signal paik; strength, the first signal strength the strength of a sigpal
dynamically changing a gain of the figst circuit based on comprising a2 preamble portion and a data portion;
1e first signal strongth; and whereln 3 bias current m the signal path is configured to
ly changing au impedance of a component he dynamically adjusted dmmg_ﬁ v the pe mbile portion of
the second cireuit based on the firsi signal strengilk. 45 the signal dn response to the first signal strength and

18. The reethod of elapa 17 wheretn the ¢
a preambie portion and a data portion, the g

nal composes
ain and imped-

furthier configured 1o be mantained during the data

portion of the sigpal.
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rausceiver of claim 26

27. The wircles

her compris-

73

e}

a second signal strength indicator circuit coupled to the
outpat of the mixer, and configured to determine a
second sigual strength,

wherein the first signal strength indicator is coupled to the
output of the Jow-noise arapiifier, and

wherein the bias current in the signal path is configured to
be adjusted o response to the first and second sigual

strengths.
28. The wireless transceiver of claim 26 further compris-
ing:

2 second signal strength indicator circuit eoupled. to the
output of the low-pass filter, and configured to deter-
mite a secoud signal strength,

whereln the first sigual strength tudicator is coupled to the
output of the mixer, and

wherein the bias curreat 1 the signal path is configured to
be adjusted in response o the first and second signal
strengths.

29, A wireless trausceiver integrated circut compusiag:

a receiver comprising a signal path, the signal path
Comprising:

[

i

20

16

uit; and
a second circuit having an input coupled to an output of
the first circuit; and

a firs

a first sig
signal p
strength;

wherein 3 gain of the first circuit i configured fo be
dynamically adjusted in response to the first signal
steength, and

wherein an impedance o the second circuit is configured

to be dynamically adjusted in response to the first
signal strength.

3¢. The wireless transceiver of claim 29 further compris

strength tadicator circuit coupled to the
th, and confignred to determine a first signal

ng:

a trapsmitter comprising:
a power amplifier; and

power amplifier,
wheein the output-level-scnsing circuit is configured to
dynarnically adjust a gain of the power amplifier.
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Case: L22-0v-03441 Document # 7 Filed: O7/05/22 Page 1 of 82 PagellD #1472

AQO 120 (Rev. 08/1h

0. Mail Stop 8 REPORT ON THE
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMEINATION OF AN
P.0O. Box 1438 ACTION REGARDING APATENT OR
Alexandria, VA 22313-145¢ TRADEMARK
In Compliance with 35 U.5.C. § 296 and/or 15 U.S.C. § 1116 you are hiereby advised that a conrt action has been
fited in the U.S. District Court Northern District of Hlinois/Eastern Division ou the following
{71 Trademarks or # patents. ([ the patent action invoives 35 U.5.0. § 292
DOCKET NO. DATE FILED .S, DISTRICT COQURT
2903444 DRIZ0/I2029 Nartbarn District ot lilinois/Easiom. Divdision
PLAINTIFF DEFENDANT .
Theta IP, LG Motorola Mobility LLC, Lenove (United States) Inc.,
Lenovo Group Limited
PATENT OR DATE QF PATENT — o
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
! See Attached
4
5
In the above—entitled case, the following patent(s) trademark(s) have been inciuded:
DATE INCLUDED WNCLURED BY
1 Amendment 7 Answer {71 Cross Bill {1 Other Pleading
PATENT OR DATE OF PATENT E—— : -
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK.
7
3
4
5

{n the above—eutitled case, the following decision has been rendered or judgement tssued:

DECISIONAUDGEMENT

CLERK (BY) PEPUTY CLERK DATE
Thomas G. Bruton David Jozwiak O7I0B/2022

Copy I~—Upon initiation of action, wail this copy to Director  Copy 3--Upon termeination of action, mail this copy to Divector
{opy 2—Upen filing decument adding patent(s), mail this copy to Birector  Copy 4-—Case file copy
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