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System and Method for Mitigating Phase Pulling
in a Mulitple Frequency Source System

Cross Reference to Related Applications

This patent application is related to, and concurrently filed with each of the
following patent applications, the contents of which are herein incorporated by reference
for all purposes:

“Multiple Frequency Source System and Method of Operation,” Application
Serial No. --------- , Atty Dkt No. RFEM-15-PCT; and

“Offset Signal Phasing for a Multiple Frequency Source System,” Application
Serial No. --------- , Atty Dkt. No. RFM-16-PCT.

This patent application claims priority to, and incorporates in its entirety each of
the following US patent applications:

“Multiple Frequency Source System and Method of Operation,” Application
Serial No. 60/595,754, filed August 2, 2005;

“Offset Signal Phasing for a Multiple Frequency Source System,” Application
Serial No. 60/595,749, filed August 2, 2005; and

“System and Method for Mitigating Phase Pulling in a Multiple Frequency Source
System,” Application Serial No. 60/595,750, filed August 2, 2005.

Background

[0001] The present invention relates to tunable systems employing concurrently
operable frequency sources, and in particular to systems and methods for mitigating

phase pulling in said systems.

[0002] The implementation of multiple frequency sources in a system, as described in
the application entitled “Mulitple Frequency Source System and Method of Operation,”
possibly presents challenges as to how to avoid phase pulling between closely spaced,
concurrently generated frequencies. In particular, the initial generation and operation of a

first signal proximate in frequency to a second signal may shift the second signal off of
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its intended frequency, possibily degrading the system’s ability to generate multiple

signals at closely spaced frequencies with the required tuning precision.

[0003] What is therefore needed is a system and method for mitigating phase pulling in

a system employing concurrently operable frequency sources.
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Summary

[0004] Systems and methods are presented herein for avoiding phase pulling in a
tunable system employing concurrently operable frequency sources. In one embodiment,
a method according to the present invention includes generating a first signal, the first
signal referred to as an existing signal operating at an existing frequency point, the
existing signal having a predefined pulling bandwidth around the existing frequency
point. A request is received to generate a prospective signal at a prospective frequency
point which is within the predefined pulling bandwidth of the existing signal. The
prospective frequency is removed from within the predefined pulling bandwidth, and the

prospective and existing signals are generated at their corresponding frequency points.

[0005] These and other features of the invention will be better understood when view in

light of the following drawings and detailed description.
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Brief Description of the Drawings

[0006] Fig. 1A illustrates an exemplary embodiment of a tunable system employing
concurrently operable frequency sources in accordance with the present invention.

Fig. 1B illustrates an exemplary tunable frequency source in accordance with the
present invention.

Fig. 2 illustrates an exemplary method for relocating a prospective signal and/or
an existing signal to provide sufficient frequency separation to avoid phase pulling effects
in accordance with the present invention.

Fig. 3 illustrates an exemplary embodiment of the present invention in which a
prospective signal is relocated within its detection windows to provide sufficient
bandwidth separation from an existing frequency signal to avoid frequency pulling in

accordance with the invention.

[0007] For clarity, previously identified features retain their reference indicia in

subsequent drawings.
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Description of Exemplary Embodiments

[0008] Fig. 1A illustrates an exemplary embodiment of a tunable system employing
currently operable frequency sources in accordance with the present invention. As
shown, the tunable system 100 includes three frequency sources FS; 120, FS, 130 and
FS; 140, at least one of which (e.g., FS1 120) is tunable. The remaining frequency
sources may be operable to generate a fixed frequency or a tunable frequency, as required

or desired by the system’s design.

[0009] Fig. 1B illustrates an exemplary tunable frequency source in accordance with
the present invention, the embodiment implemented as a sigma-delta phase locked loop
(PLL). The PLL may be monolithically fabricated in a bipolar complementary metal
oxide semiconductor (Bi-CMOS) process, although those of skill in the art will
appreciate that the circuit may be formed using other processes or materials (e.g., CMOS,

SiGe, GaAs) in monolithic, hybrid, or discrete form.

[0010] As illustrated, the frequency source 100 includes a phase-frequency detector
121, a charge pump circuit 122, loop filter 123, a tuning source 124 illustrated as bank of
selectable VCOs, a main divide-by-N counter 125, and a programmable sigma-delta
modulator 126. The sigma-delta modulator 126 receives a frequency setting control
signal CNTL, and in response provides a scaling control data signal to the divide-by-N
counter 125 to arrive at the desired divide ratio. The sigma-delta modulator 126 also
receives the divide-by-N (Fpiy) signal as a clock signal, thereby synchronizing its

operation with the divide-by-N counter 125.

[0011] While the tunable frequency source FS; 120 is shown as a phase locked loop,
other tunable frequency sources, such as variable oscillators, digitally controlled
oscillators, and the like may be alternative employed. Fixed frequency sources may be
implemented as L-C, dielectric resonator, crystal oscillators, and the like. The foregoing
examples are only illustrative and those skilled in the art will appreciate that other
frequency sources, both tunable and fixed, may be used in alternative embodiments of the

present invention.
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[0012] Fig. 2 illustrates an exemplary method for relocating a prospective signal and/or
an existing signal to provide sufficient frequency separation to avoid phase pulling effects
in accordance with the present invention. The process begins at 212 where a prospective
signal is requested having a frequency proximate to the frequency of an existing signal.
At 214, a determination is made as to whether the prospective signal frequency is within
the pulling bandwidth of the existing signal frequency. In an exemplary embodiment of
this operation, a database structure such as that shown in Fig. 3C of Applicant’s co-
pending application “Multiple Frequency Source System and Method of Operation” may
be accessed to determine the frequency location of the most proximate existing signal and
based thereon, a determination can be made if the prospective signal frequency would be

within the pulling bandwidth of the existing signal frequency.

[0013] As used herein, the term “pulling bandwidth” refers to a threshold bandwidth
within which the presense of a second signal “pulls” or modulates the subject signal, such
that subject signal exceeds a predefined phase noise level. The pulling bandwidth of a
subject signal will depend upon the desired phase noise level as well as several factors.
For example, a frequency source exhibiting a relative high quality (Q) factor will have a
relatively narrow pulling bandwidth for a given phase noise requirement. Similarly, a
frequency source which is highly isolated from the frequency source generating the
proximate signal will have a relatively narrow pulling bandwidth for the same phase
noise requirement. The Q of a frequency source will depend upon its construction and
architecture; e.g., a fixed frequency crystal or dielectric resonator oscillator may exhibit a
higher Q than a tunable oscillator. Isolation of the frequency source (from other
frequency sources) will also depend upon the construction and architecture of the
multiple source system. In the limit, a frequency source exhibiting infinite Q, or infinite
isolation from a frequency source generating a proximate signal will have a phase pulling
bandwidth of 0 Hz, although these conditions would be impossible to obtain, especially
in a particular embodiment of the invention in which multiple tunable sources are
implemented on a single integrated circuit. Accordingly, a particular operating threshold

is chosen to define the predefined pulling bandwidth. Exemplary embodiments of the
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pulling bandwidth of a signal include bandwidths less than 500 kHz, for example 250
kHz, 100 kHz, 50 kHz, or lower, as well as bandwidths greater than 500 kHz, for
example 600 kHz, 700 kHz, 800 kHz, 900 kHz, 1 MHz, or wider bandwidths.

[0014] As an example, if it is determined that the system can accept a spur level of -45
dBc @ the particular frequency offset, the isolation and Q of the frequency sources are
subsequently chosen (by calculation, by experiments, or by design simulations) in order
to achieve the desired limit at the offset specified by the system (LO accuracy). For
example, the LO accuracy is specified to be +1 MHz and the system is sized to give a
spur at -45dBc at 500 kHz offset from the existing signal frequency, thus the pulling
bandwidth is + 500 kHz, and the specified LO accuracy allow the LO to be placed more

of 500 kHz away from the existing one in order to gain some margin on the spur level.

[0015] If, at 214, the prospective signal frequency is determined to be within the
predefined pulling bandwidth of the existing signal frequency, a determination is made at
216 as to whether the frequency source generating the existing signal is tunable. If the
existing signal frequency source cannot be tuned (either because the source is a fixed
frequency source or is a tunable source, but is already tuned to the maximum or minimum
point of its tunable range), the process continues at 218, at which point the prospective
signal frequency is tuned to a new prospective frequency point outside of the identified
pulling bandwidth. This process may be performed, for example, by using a single
operation in which a frequency point outside the pulling bandwidth is identified and the
prospective frequency tuned thereto. The new prospective frequency point may, for
example, represent a frequency point which is the least removed from the originally-
requested prospective frequency point, but which is outside the pulling bandwidth.
Alternatively, the operation 216 may involve two or more tuning operations, whereby
the frequency source is tuned to a first frequency point, optionally checking to determine
if the first frequency point is outside of the pulling bandwidth of the existing signal, and
if not, identifying a second, further removed frequency point is identified, and the
frequency source tuned thereto. In such a manner, the prospective signal is progressively

stepped away from the existing signal until the required bandwidth separation from the
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existing signal is achieved (in accordance with the L.O accuracy specified by the system).
Those skilled in the art will appreciate that other techniques may be used to relocate the
prospective signal out of the pulling bandwidth. Subsequently at 222, the prospective

signal is generated at the new prospective frequency point.

[0016] If, at 216, a determination is made that the existing signal is tunable within its
present range, the process continues at 220, whereby the frequency point of the
prospective signal is removed from within the pulling bandwidth by means of one of
three operations. Either (i) the prospective signal frequency is tuned to a new prospective
signal frequency point away from the existing signal frequency and outside of the pulling
bandwidth, (i1) the existing signal frequency is tuned from its present frequency point
away from the prospective signal to a new existing frequency point, or (iii) a combination
of (1) and (i1), whereby both the prospective and existing signal frequencies are tuned in
opposite directions to respective new frequency points, each signal moved to a new
frequency point such that the new prospective frequency point is located outside the
pulling bandwidth of the new existing frequency point. The particular process (i)-(iii)
selected in 220 may be made dependent upon the tuning capability of the source. For
example, process (i) may be employed when the existing signal frequency source is
located at a frequency extreme and cannot tune further away from the prospective signal,
or if the existing signal is being used or performing an operation which cannot be
disturbed. Process (i1) may be utilized when computations show that the prospective
signal cannot be tuned any further from the existing signal. Process (ii1) can be used
when both frequency sources have sufficient tuning latitude, and may be employed to
minimize the frequency offset needed from each signal’s original tuning point in order to
obtain the required frequency spacing. In a particular embodiment, the prospective
and/or existing signals are tune away from the other in a non-crossing manner, as

exemplified in Fig. 3 below.

[0017] Similar to the operation in 216, the operations in 222 may be performed either
in a single operation or in several operations. An examplary embodiment of the former

may include, e.g., computing new frequency points which provides the required
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bandwidth separation to place the prospective signal frequency outside of the pulling
bandwidth, and the prospective and existing frequencies generated at there respective
frequency points. Alternatively in the latter approach, an iterative process may be
performed, whereby one or both signals are gradually stepped away from each other, and
optionally the resulting bandwidth separation checked to determine if the necessary
bandwidth separation has been obtained to place the prospective signal outside of the
pulling bandwidth. In embodiments in which the existing frequency signal is tuned, its
frequency source may either be tuned from its original frequency point while continuing
to generate the existing signal, or the existing signal may be deactivated, the frequency
source configured to tune to the next existing frequency point, and the existing signal
generated at that new frequency point. Employing a gradual tuning approach for a
continuously-operating existing signal provides advantages, in that the generation of a

large frequency overshoot effect which could accompany a larger tuning step is avoided.

[0018] Fig. 3 illustrates an exemplary embodiment of the present invention in which a
prospective signal is relocated to provide sufficient bandwidth separation from an
existing frequency signal to avoid frequency pulling in accordance with the invention.
An existing signal 312 operates at a frequency point Fp;, the existing signal frequency
having a predefined pulling bandwidth 320 associated therewith. Subsequently, a request
is received to tune a prospective signal 322 to a first prospective frequency point Fpy, the
first frequency point Fp; within the pulling bandwidth 320 of the existing frequency. As
noted above, the pulling bandwidth will generally be dependent upon the Q-factor of the
frequency source, and the isolation between it and the frequency source generating the
proximate signal. In one embodiment all of the frequency sources exhibit substantially
the same Q-factor and isolation, and accordingly each frequency source will have
substantially the same pulling bandwidth. In another embodiment of the invention, the
Q-factor and isolation is different for one or more of the frequency sources, and
accordingly the pulling bandwidth will be determined once the tuning (second) frequency

source is identified.
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[0019] Upon receiving the request to tune to the first prospective frequency point Fp,
but before signal generation or tuning thereto, a determination is made (214) as to
whether Fp; is within the pulling bandwidth 320 of the existing signal 312. In the
illustrated example, Fp; lies within the pulling bandwidth 320, and the aforementioned
process continues at 216 where a determination is made as to whether the existing signal
312 is generated by a tunable frequency source. In the present case for purposes of
illustration, the existing signal 312 is determined to be generated by a fixed frequency
source. In such an instance, the tuning process continues at 218, where the prospective
signal is relocated away from the first frequency point Fp; in a non-crossing manner to a
second prospective frequency point Fp,. The tuning operation at 218 further includes
determinating that Fp, is outside of the pulling bandwidth 320 of the existing signal 312.
The process continues at 222 where the prospective signal 322 is generated at the second
prospective frequency point Fpy. Alternatively, the process at 218 may be made iterative,
whereby the prospective signal is gradually stepped away from the existing signal

frequency in one or more steps.

[0020] In an alternative embodiment in which the existing frequency source is tunable,
the relocation distance of each frequency would be less, as the combined effect of
relocating the existing signal 312 slightly above Fg; (with the accompanying movement
of the pulling bandwidth 320 also slightly higher in frequency) and moving the
prospective signal 322 slightly below Fr results in achieving the required bandwidth
separation with comparably smaller frequency shifts. In an exemplary embodiment of
such a system, tunable systems such as the sigma-delta phase locked loop can be used as
the frequency source for generating the existing and prospective signals. Further
exemplary, the existing frequency is iteratively tuned away from the prospective signal in
two or more steps to reduce frequency overshoot effects which could accompany the

signal’s relocation to its final frequency.

[0021] Itis to be noted that in embodiments of the invention in which the prospective
and or existing signals are relocated, the frequency source may continue generating its

signal during the signal’s relocation to a new frequency point. Alternatively, the
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frequency source can be deactivated, configured to tune to the new frequency (e.g. a

higher frequency), and activate its signal at the new frequency point.

[0022] As readily appreciated by those skilled in the art, the described processes may
be implemented in hardware, software, firmware or a combination of these
implementations as appropriate. In addition, some or all of the described processes may
be implemented as computer readable instruction code resident on a computer readable
medium (removable disk, volatile or non-volatile memory, embedded processors, etc.),
the instruction code operable to program a computer of other such programmable device

to carry out the intended functions.

[0023] The terms “a” or “an” are used to refer to one, or more than one feature
described thereby. Furthermore, the term “coupled” or “connected” refers to features
which are in communication with each other (electrically, mechanically, thermally, as the
case may be), either directly, or via one or more intervening structures or substances.

The sequence of operations and actions referred to in method flowcharts are exemplary,
and the operations and actions may be conducted in a different sequence, as well as two
or more of the operations and actions conducted concurrently. All publications, patents,
and other documents referred to herein are incorporated by reference in their entirety. To
the extent of any inconsistent usage between any such incorporated document and this

document, usage in this document shall control.

[0024] The foregoing description has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the invention to the precise
form disclosed, and obviously many modifications and variations are possible in light of
the disclosed teaching. The described embodiments were chosen in order to best explain
the principles of the invention and its practical application 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. It is intended that the

scope of the invention be defined by the claims appended hereto.
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CLAIMS
What is claimed is:
1. A method for mitigating phase pulling in mulitple frequency source system, the

method comprising:

generating a first signal comprising an existing signal at an existing frequency
point, the existing signal having a predefined pulling bandwidth around the existing
frequency point;

receiving a request to generate a prospective signal at a prospective frequency
point within the predefined pulling bandwidth of the existing signal;

removing the prospective frequency point from within the predefined pulling
bandwidth; and

generating the prospective signal and the existing signal at their corresponding

frequency points.

2. The method of claim 1, wherein the existing signal is generated using a fixed
frequency source, and wherein removing the prospective frequency point from within the
predefined pulling bandwidth comprises tuning the frequency source of the prospective
signal to a new prospective frequency point away from the existing signal, the new
prospective frequency point located outside of the predefined pulling bandwidth of the

existing signal.

3. The method of claim 1, wherein the existing signal is generated using a tunable
frequency source, and wherein removing the prospective frequency point from within the
predefined pulling bandwidth comprises tuning the frequency source of the existing
signal to a new existing frequency point away from the prospective frequency point,
whereby the prospective frequency point is located outside of the predefined pulling
bandwidth of the existing signal once the existing frequency point is relocated to the new

existing frequency point.
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4, The method of claim 1, wherein the existing signal is generated using a tunable
frequency source, and wherein removing the prospective frequency point from within the
predefined pulling bandwidth comprises tuning the frequency source of the prospective

signal to a new prospective frequency point away from the existing signal.

5. The method of claim 1, wherein the existing signal is generated using a tunable
frequency source, and wherein removing the prospective frequency point from within the
predefined pulling bandwidth comprises:

tuning the frequency source of the prospective signal to a new prospective
frequency point away from the existing frequency point; and

tuning the frequency source of the existing signal to a new existing frequency

point away from the prospective frequency point.

6. The method of claim 5,

wherein tuning the frequency source of the prospective signal comprises
controlling a first phase locked loop to generate the prospective signal at the new
prospective frequency point; and

wherein tuning the frequency source of the existing signal comprises controlling a
second phase locked loop to generate the existing signal at the new existing frequency

point.

7. A method for mitigating phase pulling in mulitple frequency source system, the
method comprising:

generating a first signal comprising an existing signal at an existing frequency
point, the existing signal having a predefined pulling bandwidth around the existing
frequency point;

receiving a request to generate a prospective signal at a prospective frequency
point within the predefined pulling bandwidth of the existing signal;

removing the prospective frequency point from within the predefined pulling

bandwidth, comprising;:
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tuning the prospective signal to a new prospective frequency point in a
direction away from the existing signal; and
tuning the existing signal to a new existing signal frequency point in a
direction away from the prospective signal; and
generating the prospective signal and the existing signal at their corresponding

new frequency points.

8. The method of claim 7,

wherein tuning the prospective signal to a new prospective frequency point
comprises controlling a first phase locked loop to generate the prospective signal at the
new prospective frequency point; and

wherein tuning the existing signal to a new existing frequency point comprises
controlling a second phase locked loop to generate the existing signal at the new existing

frequency point.

9. A system for mitigating phase pulling in mulitple frequency source system, the
system comprising:

means for generating a first signal comprising an existing signal at an existing
frequency point, the existing signal having a predefined pulling bandwidth around the
existing frequency point;

means for receiving a request to generate a prospective signal at a prospective
frequency point within the predefined pulling bandwidth of the existing signal;

means for removing the prospective frequency point from within the predefined
pulling bandwidth; and

means for generating the prospective signal and the existing signal at their

corresponding frequency points.

10.  The system of claim 9, wherein the means for generating a first frequency
comprises a fixed frequency source, and wherein the means for removing the prospective
frequency point from within the predefined pulling bandwidth comprises means for

tuning the frequency source of the prospective signal to a new prospective frequency
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point away from the existing signal, the new prospective frequency point located outside

of the predefined pulling bandwidth of the existing signal.

11.  The system of claim 9, wherein the means for generating a first frequency
comprises a tunable frequency source, and wherein the means for removing the
prospective frequency point from within the predefined pulling bandwidth comprises
means for tuning the frequency source of the existing signal to a new existing frequency
point away from the prospective frequency point, whereby the prospective frequency
point is located outside of the predefined pulling bandwidth of the existing signal once

the existing frequency point is relocated to the new existing frequency point.

12.  The system of claim 9, wherein the means for generating a first frequency
comprises a tunable frequency source, and wherein the means for removing the
prospective frequency point from within the predefined pulling bandwidth comprises
means for tuning the frequency source of the prospective signal to a new prospective

frequency point away from the existing signal.

13.  The system of claim 9, wherein the means for generating a first frequency
comprises a tunable frequency source, and wherein the means for removing the
prospective frequency point from within the predefined pulling bandwidth comprises:
means for tuning the frequency source of the prospective signal to a new
prospective frequency point away from the existing frequency point; and
means for tuning the frequency source of the existing signal to a new existing

frequency point away from the prospective frequency point.

14.  The system of claim 13,
wherein the means for tuning the frequency source of the prospective signal
comprises a first phase locked loop operable to generate the prospective signal at the new

prospective frequency point; and
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wherein the means for tuning the frequency source of the existing signal
comprises a second phase locked loop operable to generate the existing signal at the new

existing frequency point.

15. A computer program product, resident on a computer readable medium, and
operable to control a programmable system to mitigate phase pulling in mulitple
frequency source system, the computer program product comprising:

instruction code to generate a first signal comprising an existing signal at an
existing frequency point, the existing signal having a predefined pulling bandwidth
around the existing frequency point;

instruction code to receive a request to generate a prospective signal at a
prospective frequency point within the predefined pulling bandwidth of the existing
signal;

instruction code to remove the prospective frequency point from within the
predefined pulling bandwidth; and

instruction code to generate the prospective signal and the existing signal at their

corresponding frequency points.

16.  The computer program product of claim 15, wherein the existing signal is
generated using a fixed frequency source, and wherein the instruction code to remove the
prospective frequency point from within the predefined pulling bandwidth comprises
instruction code to tune the frequency source of the prospective signal to a new
prospective frequency point away from the existing signal, the new prospective frequency

point located outside of the predefined pulling bandwidth of the existing signal.

17.  The computer program product of claim 15, wherein the existing signal is
generated using a tunable frequency source, and wherein the instruction code to remove
the prospective frequency point from within the predefined pulling bandwidth comprises
instruction code to tune the frequency source of the existing signal to a new existing

frequency point away from the prospective frequency point, whereby the prospective
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frequency point is located outside of the predefined pulling bandwidth of the existing

signal once the existing frequency point is relocated to the new existing frequency point.

18.  The computer program product of claim 15, wherein the existing signal is
generated using a tunable frequency source, and wherein instruction code to remove the
prospective frequency point from within the predefined pulling bandwidth comprises
instruction code to tune the frequency source of the prospective signal to a new

prospective frequency point away from the existing signal.

19.  The computer program product of claim 15, wherein the existing signal is
generated using a tunable frequency source, and wherein instruction code to remove the
prospective frequency point from within the predefined pulling bandwidth comprises:
instruction code to tune the frequency source of the prospective signal to a new
prospective frequency point away from the existing frequency point; and
instruction code to tune the frequency source of the existing signal to a new

existing frequency point away from the prospective frequency point.

20.  The computer program product of claim 19,

wherein the instruction code to tune the frequency source of the prospective signal
comprises instruction code to control a first phase locked loop to generate the prospective
signal at the new prospective frequency point; and

wherein the instruction code to tune the frequency source of the existing signal
comprises instruction code to control a second phase locked loop to generate the existing

signal at the new existing frequency point.
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