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SPECTRUM SPREADERS INCLUDING TUNABLE
FILTERS AND RELATED DEVICES AND METHODS

Related Application
[0001] The present application claims the benefit of priority from U.S.
Provisional Application No. 60/793,335 filed April 19, 2006, the disclosure of which

is hereby incorporated herein in its entirety by reference.

Field Of The Invention
[0002] The present invention relates to the field of electronics, and more

particularly to spectrum spreaders for clock signals and related methods and devices.

Background

[0003] In a radiotelephone, a reference crystal may be used to gencrate a
clock signal for a processor of the radiotelephone. Harmonics of the clock signal,
however, may interfere with the radio signals received at the radiotelephone. With a
13 MHz clock signal, for example, the 72™ and 73™ harmonics of the 13MHz clock
signal may interfere with communications provided over one or more channels of the
GSM (Global System For Mobile Telecommunications) 900MHz standard. For
example, the 72" harmonic at 936 MHz may interfere with GSM channel 5, and/or
the 73" harmonic may interfere with GSM channel 70. Because inputs/outputs
to/from the radiotelephone processor are provided between the processor and other
elements (e.g., a keypad, a display, a speaker, a microphone, efc.) of the
radiotelephone, it may be difficult to provide adequate shielding with respect to the

clock signal and/or harmonics thereof.

Summary
[0004] According to some embodiments of the present invention, a
communications device may include a clock signal generator configured to gencrate a
clock signal having a clock frequency, and a receiver configured to receive
communications over an air interface. A spectrum spreader may be coupled to the

clock signal generator, and the spectrum spreader may be configured to generate a
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spread spectrum clock signal responsive to the clock signal wherein a frequency of the
spread spectrum clock signal is spread relative to the clock frequency. In addition, a
processor may be coupled to the receiver and to the spectrum spreader, and the
processor may be configured to operate at the frequency of the spread spectrum clock
signal and to process the communications received at the receiver. Moreover, the
frequency of the spread spectrum clock signal may be spread above and below the
clock frequency.

[0005] The spectrum spreader may include a signal conductor configured
to receive a clock signal having a clock signal frequency, and a tunable filter coupled
to the signal conductor. The tunable filter may be configured to spread a frequency of
the clock signal responsive to a control signal to provide the spread spectrum clock
signal. The tunable filter may include an inductor-capacitor (LC) band pass filter, for
example, having an inductive circuit and a capacitive circuit coupled in parallel
between the signal conductor and a reference voltage. In addition, the capacitive
circuit may include a capacitor and a varactor diode coupled in series between the
signal conductor and the reference voltage, and a control signal generator may be
coupled to a control node between the capacitor and the varactor diode of the tunable
filter such that the control signal generator is configured to generate the control signal
that is applied to the control node. A resistor may also be coupled between the control
signal generator and the control node.

[0006] More particularly, the control signal generator may be configured
to generate the control signal having a control signal frequency such that the clock
signal frequency is on the order of at least 10 times greater than the control signal
frequency. The control signal generator, for example, may be configured to gencrate
the control signal having a frequency in the range of about 1kHz to about 200kHz,
and the clock signal frequency may be in the range of about IMHz to about 100MHz.
The control signal generator may be further configured to generate the control signal
as a square wave, a triangular waver, and/or a sinusoidal wave, and/or to generate the
control signal having a peak-to-peak amplitude of about 3 volts. In addition, the
receiver may be coupled to the clock signal generator, and the receiver may be
configured to receive communications over the air interface using the clock signal.

[0007] According to some other embodiments of the present invention, a
spectrum spreader may include a signal conductor configured to receive a clock signal

having a clock signal frequency, and a tunable filter coupled to the signal conductor.
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The tunable filter may be configured to spread a frequency of the clock signal
responsive to a control signal to provide a spread spectrum clock signal wherein a
frequency of the spread spectrum clock signal is spread relative to the clock
frequency. More particularly, the frequency of the spread spectrum clock signal may
be spread above and below the clock frequency.

[0008] The tunable filter may include an inductor-capacitor (LC) band
pass filter having an inductive circuit and a capacitive circuit coupled in parallel
between the signal conductor and a reference voltage. The capacitive circuit may
include a capacitor and a varactor diode coupled in series between the signal
conductor and the reference voltage, and a control signal generator may be coupled to
a control node between the capacitor and the varactor diode of the tunable filter with
the control signal generator being configured to generate the control signal that is
applied to the control node. In addition, a resistor may be coupled between the
control signal generator and the control node.

[0009] The control signal generator may be further configured to generate
the control signal having a control signal frequency such that the clock signal
frequency is on the order of at least 10 times greater than the control signal frequency.
For example, the control signal generator may be configured to generate the control
signal having a frequency in the range of about 1kHz to about 200kHz, and the clock
signal frequency may be in the range of about 1MHz to about 100MHz. Moreover,
the control signal generator may be configured generate the control signal as a square
wave, a triangular waver, and/or a sinusoidal wave, and/or having a peak-to-peak
amplitude of about 3 volts.

[0010] According to still other embodiments of the present invention, a
method of operating an electronic device may include receiving a clock signal having
a clock signal frequency, and spreading a frequency of the clock signal responsive to a
control signal to provide a spread spectrum clock signal. A frequency of the spread
spectrum clock signal may be spread relative to the clock frequency. Moreover, the
frequency of the spread spectrum clock signal may be spread above and below the
clock frequency.

[0011] Receiving the clock signal may include receiving the clock signal
on a signal conductor, and spreading the frequency of the clock signal may include
filtering the clock signal using an inductor-capacitor (LC) band pass filter coupled to

the signal conductor. More particularly, the inductor-capacitor (LC) band-pass filter
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may include an inductive circuit and a capacitive circuit coupled in parallel between
the signal conductor and a reference voltage. In addition, the capacitive circuit may
include a capacitor and a varactor diode coupled in series between the signal
conductor and the reference voltage, and the control signal may be applied to a control
node between the capacitor and the varactor diode.

[0012] The clock signal frequency may be on the order of at least 10 times
greater than a frequency of the control signal. For example, the control signal
generator may be configured to generate the control signal having a frequency in the
range of about 1kHz to about 200kHz, and the clock signal frequency may be in the
range of about IMHz to about 100MHz. Moreover, the control signal may be a
square wave, a triangular waver, and/or a sinusoidal wave, and/or the control signal
may have a peak-to-peak amplitude of about 3 volts.

[0013] In addition, communications may be received over an air interface,
and the communications received over the air interface may be processed using the
spread spectrum clock signal. Moreover, the communications may be received over

the air interface using the clock signal without spreading.

Brief Description Of The Drawings
[0014] Figure 1 is a block diagram of communications devices according
to embodiments of the present invention.
[0015]  Figure 2 is a schematic diagram of spectrum spreaders according to

embodiments of the present invention.

Detailed Description

[0016] Specific exemplary embodiments of the invention now will be
described with reference to the accompanying drawings. This invention may,
however, be embodied in many different forms and should not be construed as limited
to the embodiments set forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully convey the scope of the
invention to those skilled in the art. In the drawing, like numbers refer to like
elements. It will be understood that when an element is referred to as being
"connected" or "coupled" to another element, it can be directly connected or coupled
to the other element or intervening elements may be present. Furthermore,

"connected" or "coupled" as used herein may include wirelessly connected or coupled.
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[0017]  The terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be limiting of the invention. As
used herein, the singular forms "a", "an" and "the" are intended to include the plural

forms as well, unless expressly stated otherwise. It will be further understood that the

nn "o

terms "includes," "comprises," "including" and/or "comprising," when used in this
specification, specify the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements, components, and/or groups
thereof.

[0018] Unless otherwise defined, all terms (including technical and
scientific terms) used herein have the same meaning as commonly understood by one
of ordinary skill in the art to which this invention belongs. It will be further
understood that terms, such as those defined in commonly used dictionaries, should be
interpreted as having a meaning that is consistent with their meaning in the context of
the relevant art and will not be interpreted in an idealized or overly formal sense
unless expressly so defined herein.

[0019] It will be understood that although the terms first and second are
used herein to describe various elements, these elements should not be limited by
these terms. These terms are only used to distinguish one element from another
element. Thus, a first frequency below could be termed a second frequency, and
similarly, a second frequency may be termed a first frequency without departing from
the teachings of the present invention. As used herein, the term "and/or" includes any
and all combinations of one or more of the associated listed items. The symbol "/" is
also used as a shorthand notation for "and/or".

[0020] Various embodiments of the present invention are described below
with reference to block diagrams illustrating methods, apparatus and computer
program products according to various embodiments of the invention. It will be
understood that each block of the block diagrams and/or operational illustrations, and
combinations of blocks in the block diagrams and/or operational illustrations, can be
implemented by analog and/or digital hardware, and/or computer program
instructions. These computer program instructions may be provided to a processor of
a general purpose computer, special purpose computer, ASIC, and/or other
programmable data processing apparatus, such that the instructions, which execute via

the processor of the computer and/or other programmable data processing apparatus,
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create means for implementing the functions/acts specified in the block diagrams
and/or operational illustrations. Accordingly, it will be appreciated that the block
diagrams and operational illustrations support apparatus, methods and computer
program products.

[0021] Communications devices according to embodiments of the present
invention are illustrated in Figure 1. As shown in Figure 1, a communications device
101 (such as a radiotelephone) may include a processor 103 (such as a central
processing unit or CPU), a transceiver 105, a user interface 109, a fixed frequency
clock signal generator 111 (such as an oscillator), and a spectrum spreader 115. The
transceiver 105 may include a transmitter 121 and a receiver 123 coupled to an
antenna 125. The user interface 109 may include a display 141, a speaker 143, a
microphone 145, and a keypad 147. Moreover, the transceiver 105, the oscillator 111,
and the spectrum spreader 115 may be provided in electromagnetic interference (EMI)
shielding 117.

[0022] Accordingly, the processor 103 and the transceiver 105 may
operate to transmit and/or receive radio communications over an air interface using a
system clock signal generated by the fixed frequency clock signal generator 111. The
system clock signal, for example, may be a sinusoidal wave having a frequency of
about 13 MHz and a peak-to-peak amplitude of about 400mV, but other frequencies,
amplitudes, and/or wave shapes may be used. For example, the system clock signal
may have a frequency of about 26 MHz.

[0023] More particularly, the transmitter 121 may be configured to
transmit communications generated by the processor 103 using one of a plurality of
uplink frequency channels of an air interface, and the receiver 123 may be configured
to receive communications using one of a plurality of downlink frequency channels of
the air interface. By way of example, the GSM 900 MHz air interface standard may
provide a plurality of 200 kHz wide uplink frequency channels (for transmissions
from a mobile terminal to a base station) over an uplink frequency band in the range
of about 933 MHz to about 960 MHz and a plurality of 200 kHz wide downlink
frequency channels (for transmissions from a base station to a mobile terminal) over
an downlink frequency band in the range of about 890 MHz to about 915 MHz. In
alternatives, the transceiver 105 may be configured to operate using other air interface

standards such as the PCS (Personal Communications Services) standard and/or DCS
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(Digital Cellular System) standard, and/or using other frequency bands such as
frequency bands at about 900 MHz, 1800 MHz, and/or 1900 MHz.

[0024] The clock signal generator 111 may thus generate a clock signal
having a fixed clock frequency, and the transmitter 105 and the receiver 123 of the
transceiver 121 may operate using the clock signal having the fixed frequency of, for
example, 13 MHz. Harmonic components of the clock signal may interfere with
frequencies used for communications channels received using receiver 123, and the
EMI shielding 117 may reduce this potential interference. Proper operation of the
transmitter 121 and/or the receiver 123 may require that the clock signal received
from the clock signal generator 111 at the transceiver 105 have a relatively fixed
frequency.

[0025] Operations of the processor 103, however, may not require as
precise a clock frequency as may be required by the transceiver 105. Accordingly, the
processor 103 may run using the spread spectrum clock signal that is derived from the
clock signal using the spectrum spreader 115. More particularly, the spectrum
spreader 115 may be configured to generate a spread spectrum clock signal responsive
to the clock signal from the clock signal generator 111 wherein a frequency of the
spread spectrum clock signal is spread relative to the clock frequency. More
particularly, the frequency of the spread spectrum clock signal may be spread above
and below the clock frequency. By spreading the frequency of the clock signal
provided to the processor 103, harmonic components of the spread spectrum clock
signal may be spread over different frequencies so that an aggregate of interference at
particular channel frequencies may be reduced. Accordingly, EMI shielding for the
processor 103 and/or other components (such as the user interface 109) in
communication with the processor 103 may be reduced and/or eliminated.

[0026] Accordingly, the communications device 101 may include the
clock signal generator 111 configured to generate the clock signal having the clock
frequency, and the receiver 123 coupled to the clock signal generator. Accordingly,
the receiver 123 may be configured to receive communications over an air interface
using the clock signal. The spectrum spreader 115 is also coupled to the clock signal
generator 111, and the spectrum spreader 115 may be configured to generate a spread
spectrum clock signal responsive to the clock signal wherein a frequency of the spread
spectrum clock signal is spread relative to the clock frequency. More particularly, the

processor 103 may be coupled to the receiver 123 and to the spectrum spreader 115,
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and the processor 103 may be configured to operate at the frequency of the spread
spectrum clock signal and to process the communications received at the receiver.

[0027] According to some embodiments of the present invention, the
spectrum spreader 115 may include a signal conductor and a tunable filter coupled to
the signal conductor. The signal conductor may be configured to receive a clock
signal having a clock signal frequency, and the tunable filter may be configured to
spread a frequency of the clock signal responsive to a control signal to provide a
spread spectrum clock signal. More particularly, the tunable filter may be an
inductor-capacitor (LC) band pass filter having an inductive circuit and a capacitive
circuit coupled in parallel between the signal conductor and a reference voltage.
Moreover, the capacitive circuit may include a capacitor and a varactor diode coupled
in series between the signal conductor and the reference voltage.

[0028] As further shown in Figure 1, the control signal may be generated
by a control signal generator 127, and the control signal may be applied to a control
node between the capacitor and the varactor diode of the tunable filter included of the
spectrum spreader 115. While the control signal generator 127 is shown in Figure 1
as an element of the processor 103, the control signal generator 127 may be
implemented in whole or in part outside the processor 103. The control signal
generator 127 may be configured to generate the control signal such that the clock
signal frequency is on the order of at least 10 times greater than a frequency of the
control signal. More particularly, a frequency of the control signal may be in the
range of about 1kHz to about 200kHz, and the clock signal frequency may be in the
range of about IMHz to about 100MHz. Moreover, the control signal generator 127
may generate the control signal as a square wave, a triangular waver, and/or a
sinusoidal wave, and/or the control signal may have a peak-to-peak amplitude of
about 3 volts. For example, the control signal may oscillate between about 0 Volts
and about 2.9 Volts. While particular frequencies, wave shapes, and amplitudes of the
control signal have been discussed by way of example, the control signal may be
provided using other frequencies, wave shapes, and/or amplitudes according to
embodiments of the present invention. In addition, a resistor may be coupled between
the control signal generator 127 and the control node of the tunable filter.

[0029] The spectrum spreader 115 may thus generate the spread spectrum
clock signal responsive to the clock signal generated by the clock signal generator 111

and responsive to the control signal generated by the control signal generator 127. By
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way of example, the clock signal (generated by the clock signal generator 111) may
have a frequency of about 13 MHz, and the control signal (generated by the control
signal generator 127) may have a frequency in the range of about 1kHz to about
200kHz, more particularly, in the range of about 30 kHz to about 100 kHz, and still
more particularly, in the range of about 90kHz to about 100kHz. According to other
embodiments of the present invention, the clock signal may have a frequency of about
26 MHz, and the control signal may have a frequency in the range of about 1 kHz to
about 200 kHz.

[0030] More particularly, the control signal generator 127 may be
configured to adapt one or more characteristics of the control signal, for example, to
accommodate changes in operating conditions. A feed-back loop from the receiver
123 to the processor 103 and/or the control signal generator 127 may allow a
determination of interference with communications received through the receiver 123,
and the control signal generator 127 may be configured to adapt one or more
characteristics of the control signal responsive to changes in levels of interference at
the receiver 123. According to some embodiments of the present invention, the
control signal generator 127 may generate the control signal having a first non-zero
frequency during a first period of time and a second non-zero frequency during a
second period of time, wherein the first and second frequencies are different.
Moreover, during a third period of time, the control signal generator may be
configured to generate a control signal having a frequency of zero, so that the phase of
the clock signal is not shifted and the spectrum of the clock is not spread during the
third period of time.

[0031] According to some other embodiments of the present invention, the
control signal generator 127 may be configured to generate the control signal having a
first wave shape (such as one of a square wave, a sinusoidal wave, and a triangular
wave) during a first period of time, and having another wave shape (such as another
of a square wave, a sinusoidal wave, and a triangular wave) during a second period of
time, wherein the first and second wave shapes are different. According to still other
embodiments of the present invention, the control signal generator 127 may be
configured to generate the control signal having a first non-zero amplitude during a
first period of time and having a second non-zero amplitude during a second period of

time, wherein the first and second non-zero amplitudes are different.
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[0032] As shown in Figure 1, the clock signal from the clock signal
generator 111 may be provided to both the transceiver 105 and to the spectrum
spreader 115 (used to provide the spread spectrum clock signal for the processor 103).
Accordingly, one clock signal generator 111 (such as one oscillator) may be used to
reduce cost and/or space. In an alternative, separate clock signal generators (such as
separate oscillators) may be used to provide separate clock signals to the spectrum
spreader 115 and to the transceiver 105.

[0033] While not shown in Figure 1, an impedance (such as a resistance or
resistor) may be provided to isolate the spectrum spreader 115 from the clock signal
generator 111 and/or from the transceiver 105. For example, an impedance (such as a
resistor) may be provided in the spectrum spreader 115 and/or along the signal line
between the clock signal generator 111 and the spectrum spreader 115 (after split to
the transceiver 105), and/or the signal line between the clock signal generator 111 and
the spectrum spreader 115 may provide sufficient impedance without requiring a
separate impedance clement. If a separate clock signal generator is provided for the
transceiver 105 so that the clock signal generator 111 is not coupled to the transceiver
105, an impedance (such as a resistor) may be provided in the clock signal generator
111, in the spectrum spreader 115, and/or along the signal line anywhere between the
clock signal generator 111 and the spectrum spreader 115, and/or the signal line
between the clock signal generator 111 and the spectrum spreader 115 and/or an
output impedance of the clock signal generator 111 may provide sufficient impedance
without requiring a separate impedance element.

[0034] A spectrum spreader 215 according to particular embodiments of
the present invention is shown in Figure 2, More particularly, the spectrum spreader
215 may include a signal conductor 241 configured to receive a clock signal having a
clock signal frequency, and a tunable filter 243 coupled to the signal conductor 241.
The tunable filter 243 may be configured to spread a frequency of the clock signal
responsive to a control signal generated by the control signal generator 227 to provide
a spread spectrum clock signal wherein a frequency of the spread spectrum clock
signal is spread relative to the clock frequency. More particularly, the frequency of
the spread spectrum clock signal may be spread above and below the clock frequency.

[0035] As shown in Figure 2, the tunable filter 243 may be an inductor-
capacitor (LC) band pass filter including an inductive circuit and a capacitive circuit

coupled in parallel between the signal conductor and a reference voltage (such as a

10



WO 2007/118513 PCT/EP2006/067440

ground voltage). The inductive circuit may include inductor L, and the capacitive
circuit may include a capacitor C and a varactor diode D coupled in series between
the signal conductor 241 and the reference voltage (such as ground). Moreover, the
control signal generator 227 may be coupled to a control node N between the
capacitor C and the varactor diode D of the tunable filter 243 wherein the control
signal generator 227 is configured to generate the control signal that is applied to the
control node N. In addition, an impedance (such as a resistor R) may be coupled in
series between the control signal generator 227 and the control node N.

[0036] The control signal generator 227 may be configured to generate the
control signal having a control signal frequency such that the clock signal frequency is
on the order of at least 10 times greater than the control signal frequency. For
example, the control signal may have a frequency in the range of about 1kHz to about
200kHz and the clock signal may have a frequency in the range of about IMHz to
about 100MHz. More particularly, the clock signal may have a frequency of about
13MHz, and the control signal may have a frequency in the range of about 30 kHz to
about 100 kHz, and more particularly, in the range of about 90kHz to about 100kHz.
Moreover, the control signal generator 227 may be configured to generate the control
signal as a square wave, a triangular wave, and/or a sinusoidal wave, and/or having a
peak-to-peak amplitude of about 3 volts. As discussed above, the clock signal and/or
the control signal may be provided with other frequencies and/or wave shapes. For
example, the clock signal may have a frequency of about 26 MHz and the control
signal may have a frequency in the range of about 1 kHz to about 200 kHz.

[0037] The components of the tunable filter 243 may thus be provided so
that the tunable filter 243 provides a band pass filter characteristic with a resonance of
the filter (or center frequency of the pass band) being about the same as the frequency
of the clock signal. By providing the control signal at the control node N between the
capacitor C and the varactor diode D, an effective capacitance provided by the
combination of the capacitor C and the varactor diode D may vary with the control
signal. In other words, an effective capacitance of the varactor diode D may be varied
by varying a back voltage of the varactor diode D using the control signal.
Accordingly, a resonance of the tunable filter 243 may be varied with the control
signal so that a phase of the spread spectrum clock signal alternatingly leads and lags
a phase of the clock signal responsive to the control signal. For example, the phase of

the spread spectrum clock signal may alternatingly lead and lag the phase of the clock
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signal by about +/- 5 degrees or less. A frequency of the spread spectrum clock signal
may thus vary above and below a frequency of the clock signal as the phase of the
spread spectrum clock signal varies between leading and lagging the phase of the
clock signal. Harmonics of the spread spectrum clock signal may be similarly spread
so that interference at particular communications channels may be reduced.

[0038]  The spectrum spreader 215 may also provide resiliency in the event
of failure. If the control signal generator 227 and/or the tunable filter malfunction, for
example, a frequency of the spread spectrum clock signal may no longer vary relative
to that of the clock signal and harmonics of the spread spectrum clock signal may be
concentrated at particular communications channels. A communications device
incorporating the spectrum spreader 215 of Figure 2 may thus continue operations, for
example, without using the communications channel(s) most effected by the
harmonics of the spread spectrum clock signal, or the affected channels may be used
with decreased sensitivity.

[0039] According to some embodiments of the present invention, the
spectrum spreader 115 of Figure 1 may be implemented as the spectrum spreader 215
of Figure 2 with the control signal generator 127 of Figure 1 being implemented as the
control signal generator 227 of Figure 2. Accordingly, the clock signal of Figure 2
may be provided by the clock signal generator 111 of Figure 1, the control signal
generator 227 of Figure 2 may be implemented within the processor 103 of Figure 1,
and the spread spectrum clock signal of Figure 2 may be provided to the processor
103 of Figure 1. While the control signal generator 227 is discussed above as being
implemented in a processor of a communications device, the control signal generator
227 (and/or portions thereof) may be implemented as a portion of the spectrum
spreader 215, and/or outside the spectrum spreader and processor.

[0040]  In addition, an impedance (such as a resistance or resistor) may be
provided to isolate the spectrum spreader 215 from the clock signal and/or from a
transceiver also coupled to the clock signal. For example, an impedance (such as a
resistor) may be provided between the clock signal and the tunable filter 243, for
example, along the signal conductor 241 in the spectrum spreader 115 and/or along
the signal line between the clock signal and the spectrum spreader 215 (after any split
to a transceiver), and/or the signal line(s) between the clock signal and the tunable
filter 243 may provide sufficient impedance without requiring a separate impedance

element. If a separate clock signal generator is provided for any transceiver so that
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the clock signal of Figure 2 is not coupled to a transceiver, an impedance (such as a
resistor) may be provided in the clock signal generator generating the clock signal of
Figure 2, in the spectrum spreader 215, and/or along the signal line anywhere between
the clock signal generator and the spectrum spreader 215; and/or the signal line
between the clock signal generator and the spectrum spreader 215 and/or an output
impedance of the clock signal generator 111 may provide sufficient impedance
without requiring a separate impedance element.

[0041] Based on simulations of a core voltage of a processor of a
radiotelephone with and without a spectrum spreader according to embodiments of the
present invention, a reduction of about 5 dBm of interference may be provided at 936
MHz (i.e., receive channel No. 5 according to the GSM 900 MHz standard) with a
clock signal of 13 MHz. More particularly, in a GSM radiotelephone including a
spectrum spreader 215 as illustrated in Figure 2 according to embodiments of the
present invention, simulated noise from harmonics of a 13 MHz clock signal at 936
MHz was about —128 dBm. In the same GSM radiotelephone without the spectrum
spreader, simulated noise from harmonics of a 13 MHz clock signal at 936 MHz was
about —123 dBm. Moreover, the spectrum spreader 215 may consume relatively little
power, may operate with little or no start-up time, and/or may be implemented with
relatively few additional parts.

[0042] While the spectrum spreader 115 of Figure 1 is discussed above as
being implemented with the spectrum spreader 215 of Figure 2 according to some
embodiments of the present invention, the communications device 101 of Figure 1
may be implemented with other spectrum spreaders according to embodiments of the
present invention. Other spectrum spreaders are discussed, for example, in U.S.
Patent Pub. No. 2002/0131541, U.S. Patent Pub. No. 2003/0160641, U.S. Patent Pub.
No. 2005/0030114, U.S. Patent Pub. No. 2004/0257124, and U.S. Patent Pub. No.
2005/0180490, the disclosures of which are hereby incorporated herein in their
entirety by reference. Still other spectrum spreaders are discussed in the specification
from Alliance Semiconductor entitled "Low Power Peak EMI Reducing Solution"
ASM3P2872A, Ref. 2.03, August 2004, the disclosure of which is hereby
incorporated herein in its entirety by reference. With other spectrum spreaders, the
control signal generator and/or the control signal of Figure 1 may not be required.

[0043] In the drawings and specification, there have been disclosed

embodiments of the invention and, although specific terms are employed, they are

13
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used in a generic and descriptive sense only and not for purposes of limitation, the

scope of the invention being set forth in the following claims.
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That Which Is Claimed Is:

1. A communications device comprising:

a clock signal generator configured to generate a clock signal having a clock
frequency;

a receiver coupled to the clock signal generator wherein the receiver is
configured to receive communications over an air interface using the clock signal;

a spectrum spreader coupled to the clock signal generator wherein the
spectrum spreader is configured to generate a spread spectrum clock signal responsive
to the clock signal wherein a frequency of the spread spectrum clock signal is spread
relative to the clock frequency; and

a processor coupled to the receiver and to the spectrum spreader wherein the
processor is configured to operate at the frequency of the spread spectrum clock signal

and to process the communications received at the receiver.

2. A communications device according to Claim 1 wherein the receiver is
coupled to the clock signal generator and wherein the receiver is configured to receive

communications over the air interface using the clock signal.

3. A communications device according to Claim 1 or 2 wherein the spectrum
spreader comprises,

a signal conductor configured to receive a clock signal having a clock signal
frequency, and

a tunable filter coupled to the signal conductor wherein the tunable filter is
configured to spread a frequency of the clock signal responsive to a control signal to

provide the spread spectrum clock signal.

4. A communications device according to Claim 3 wherein the tunable filter

comprises an inductor-capacitor (LC) band pass filter.
5. A communications device according to Claim 3 wherein the tunable filter

comprises an inductive circuit and a capacitive circuit coupled in parallel between the

signal conductor and a reference voltage.
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6. A communications device according to Claim 5 wherein the capacitive
circuit comprises a capacitor and a varactor diode coupled in series between the signal

conductor and the reference voltage.

7. A communications device according to Claim 6 further comprising:
a control signal generator coupled to a control node between the capacitor and
the varactor diode of the tunable filter wherein the control signal generator is

configured to generate the control signal that is applied to the control node.

8. A communications device according to Claim 7 wherein the control signal
generator is further configured to generate the control signal having a control signal
frequency such that the clock signal frequency is on the order of at least 10 times

greater than the control signal frequency.

9. A spectrum spreader comprising:

a signal conductor configured to receive a clock signal having a clock signal
frequency; and

a tunable filter coupled to the signal conductor wherein the tunable filter is
configured to spread a frequency of the clock signal responsive to a control signal to
provide a spread spectrum clock signal wherein a frequency of the spread spectrum

clock signal is spread relative to the clock frequency.

10. A spectrum spreader according to Claim 9 wherein the tunable filter

comprises an inductor-capacitor (LC) band pass filter.

11. A spectrum spreader according to Claim 9 wherein the tunable filter
comprises an inductive circuit and a capacitive circuit coupled in parallel between the

signal conductor and a reference voltage.

12. A spectrum spreader according to Claim 11 wherein the capacitive circuit
comprises a capacitor and a varactor diode coupled in series between the signal

conductor and the reference voltage.

13. A spectrum spreader according to Claim 12 further comprising:

16
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a control signal generator coupled to a control node between the capacitor and
the varactor diode of the tunable filter wherein the control signal generator is

configured to generate the control signal that is applied to the control node.

14. A spectrum spreader according to Claim 13 wherein the control signal
generator is further configured to generate the control signal having a control signal
frequency such that the clock signal frequency is on the order of at least 10 times

greater than the control signal frequency.

15. A method of operating an electronic device, the method comprising:

receiving a clock signal having a clock signal frequency; and

spreading a frequency of the clock signal responsive to a control signal to
provide a spread spectrum clock signal wherein a frequency of the spread spectrum

clock signal is spread relative to the clock frequency.

16. A method according to Claim 15 wherein receiving the clock signal
comprises receiving the clock signal on a signal conductor and wherein spreading the
frequency of the clock signal comprises filtering the clock signal using an inductor-

capacitor (LC) band pass filter coupled to the signal conductor.

17. A method according to Claim 16 wherein the inductor-capacitor (LC)
band-pass filter comprises an inductive circuit and a capacitive circuit coupled in

parallel between the signal conductor and a reference voltage.
18. A method according to Claim 17 wherein the capacitive circuit comprises
a capacitor and a varactor diode coupled in series between the signal conductor and

the reference voltage.

19. A method according to Claim 18 wherein the control signal is applied to a

control node between the capacitor and the varactor diode.

20. A method according to Claim 19 wherein the clock signal frequency is on

the order of at least 10 times greater than a frequency of the control signal.

17
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21. A method according to any of Claims 15 - 20 further comprising:
receiving communications over an air interface; and
processing the communications received over the air interface using the spread

spectrum clock signal.
22. A method according to Claim 21 wherein receiving communications over

the air interface comprises receiving communications over the air interface using the

clock signal without spreading.
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