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SYSTEMS AND METHODS FOR
CORRECTING PHASE LOCKED LOOP
TRACKING ERROR USING FEED-
FORWARD PHASE MODULATION

RELATED REFERENCES

The present application is related to concurrently filed,
co-pending, and commonly assigned U.S. patent application
Ser. No. 10/328,298, entitled “SYSTEMS AND METHODS
FOR CORRECTING GAIN ERROR DUE TO TRANSI-
TION DENSITY VARIATION IN CLOCK RECOVERY
SYSTEMS;” U.S. patent application Ser. No. 10/328,304,
entitled “SYSTEM AND METHOD FOR DESIGNING
AND USING ANALOG CIRCUITS OPERATING IN THE
MODULATION DOMAIN;” and U.S. patent application
Ser. No. 10/328,363, entitled “PHASE LOCKED LOOP
DEMODULATOR AND DEMODULATION METHOD
USING FEED-FORWARD TRACKING ERROR COM-
PENSATION;” the disclosures of which are hereby incor-
porated herein by reference.

TECHNICAL FIELD

The present invention is generally related to phase lock
loop (PLL) devices and more particularly to systems and
methods for addressing tracking error utilizing feed-forward
phase modulation.

BACKGROUND OF THE INVENTION

Phase locked loops (PLLs) are devices that generate a
signal and that lock the phase of the generated signal to the
phase of an input reference signal. According to the prior art,
as shown in FIG. 1, PLL 100 typically has three main
components: voltage-controlled oscillator (VCO) 101, phase
detector 102, and loop filter 103. VCO 101 generates a
signal that has a frequency proportional to the tuning voltage
input. This proportionality is typically expressed as a VCO
gain parameter (K,) denoted in units of radians/second per
volt. Reference signal 104 may be provided at a reference
frequency and phase. Phase detector 102 generates an output
voltage proportional to the phase difference between the
reference signal and the VCO signal. This proportionality is
typically expressed as a phase detection gain parameter (K )
denoted in units of volts/radian. Thus, phase detector 102
generates a phase error signal (i.e., the phase tracking error).
Loop filter 103 amplifies and filters this error signal, which
is then fed back to VCO 101. This feedback adjusts the
phase of VCO 101 and causes VCO 101 to approximate the
phase of the reference signal thereby minimizing the error.

PLL 100 as shown in FIG. 1 is difficult to analyze on a
mathematical basis, because the input and output of the loop
filter are different types of variables (i.c., voltage propor-
tional to phase and voltage proportional to frequency,
respectively). By definition, phase is the time integral of
frequency. Therefore, an ideal VCO 200 may be modeled as
two mathematical blocks: ideal integrator 201 and ideal
voltage to phase transducer 202 as shown in FIG. 2 accord-
ing to the prior art. Ideal VCO 200 may be incorporated in
a PLL system to provide useable PLL model 300 as shown
in FIG. 3 according to the prior art. PLL. model 300 may then
be analyzed according to mathematical model 400 shown in
FIG. 4 according to the prior art. In mathematical model
400, K, represents the phase detection gain parameter of
phase detector 102, F(s) represents the transfer function of
loop filter 103 (expressed in Laplace transform notation), 1/s
represents the transfer function of ideal integrator 201 (also
expressed in Laplace transform notation), and K, represents
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the VCO gain parameter of VCO 101. The loop gain is
represented by the parameter G which equals K K F(s)/s.
Moreover, 0, represents the phase of the signal produced
by VCO 101 and 6, represents the phase of the reference
signal. The relationship between ,., and 6, may be
represented by the following equation: 0,.,,.,~G/(1+G).
Thus, when the loop gain is relatively large (G>>1), 8,,,
approximates 6,,, with a significant degree of accuracy.

Integrator 201 acts as a low pass filter and causes the loop
gain to decrease with increasing frequency. Thus, tracking
error increases with increasing frequency. At some
frequency, the loop gain falls below unity. Above this
frequency (which defines the loop bandwidth), the loop has
relatively little response to the reference stimulus and,
hence, limits the capacity of PLL 100 to continue accurately
tracking the reference signal. Accordingly, this places a
constraint upon the bandwidth of modulation that may be
applied to the reference signal. Theoretically, the loop band-
width can be increased by increasing the loop gain.
However, in practice, implementations of VCO 101 have
finite modulation bandwidth. The limited bandwidth of VCO
101 may be modeled in VCO 500 as a parasitic low pass
filter 501 defined by transfer function P(s) as shown in FIG.
5 according to the prior art. This has the effect of modifying
the mathematical model by adding another low pass function
to loop model 600 as shown in FIG. 6 according to the prior
art. As shown in FIG. 6, the loop gain (G) equals K K F(s)
P(s)/s. This has the practical effect of limiting the loop
bandwidth to a relatively small fraction of the VCO band-
width. Because of numerous design constraints associated
with implementations of VCO 101, the VCO bandwidth
cannot be made arbitrarily high. Accordingly, the VCO
bandwidth often becomes a limiting factor on loop band-
width. In addition to the VCO bandwidth, the loop filter may
have its own bandwidth limitations, especially if it utilizes
active circuitry. The effect of finite loop filter bandwidth is
the same as VCO bandwidth in terms of limiting loop
bandwidth.

PLLs are commonly utilized to build frequency or phase
demodulators. A demodulator is a system driven by a
modulated signal that produces an output voltage that is
proportional to the modulation. FIG. 7 depicts PLL fre-
quency demodulator 700 according to the prior art. VCO
101 tracks the phase of the reference signal. Because of the
close mathematical relationship between phase and
frequency, VCO 101 also tracks the frequency of the refer-
ence. Since the tuning voltage applied to VCO 101 is
proportional to the VCO frequency (and, hence, to the
reference frequency), the tuning voltage is used directly as
demodulated output 701.

FIG. 8 depicts phase demodulator 800 according to the
prior art. Phase demodulator 800 is substantially the same as
frequency demodulator 700 except that leaky integrator 801
has been added to convert the tuning voltage (proportional
to frequency) into a voltage (demodulated output 802)
proportional to phase. Since an ideal integrator is not physi-
cally realizable, a so-called “leaky” integrator 801 is shown.
Specifically, leaky integrator 801 approximately acts as an
ideal integrator above a specified minimum frequency (o).
Below that frequency, leaky integrator 801 changes to a flat
gain versus frequency characteristic. This imparts a low
frequency cutoff to the frequency response of the demodu-
lation output port.

BRIEF SUMMARY OF THE INVENTION

Embodiments in accordance with the invention adapt PLL
devices to compensate for the tracking error of these
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devices. As previously mentioned, tracking error is the
difference in the phase of the reference signal and the phase
of the VCO signal. It shall be appreciated that addressing the
tracking error of a PLL device with known techniques may
be problematic for a number of factors. For example, VCOs
are typically are non-linear frequency dependent devices.
Accordingly, if the PLL device is incorporated into a system
that is intended to be frequency-agile, tracking error com-
pensation may become difficult. Moreover, the non-linearity
and frequency dependence of VCOs generally have
temperature-dependent gain drift as well thereby further
complicating or prohibiting tracking error correction using
known techniques for certain applications.

Embodiments in accordance with the invention address
the tracking error of a PLL device without imposing a
critical dependence on the vagaries of the VCO of the PLL
device. Embodiments in accordance with the invention
model the tracking error as a spurious phase modulation of
the VCO signal. Accordingly, embodiments in accordance
with the invention employ a phase modulator to correct the
tracking error. The output of the phase detector is provided
to the phase modulator to modulate the phase of the VCO
signal. The phase and the gain of the phase modulator are
calibrated such that approximately equal and opposite com-
pensating phase modulation is added to the VCO signal.
Addressing the tracking error in this manner is
advantageous, because the accuracy associated with the
method is determined by the accuracy of the phase detector
and the phase modulator. Specifically, the characteristics of
phase detectors and phase modulators are substantially
improved as compared to the characteristics of VCOs. For
example, many phase detectors have linear gain and have a
flat frequency response to modulation. Digital phase detec-
tors tend to have these characteristics inherently. Moreover,
accurate phase modulators (e.g., the Armstrong phase
modulator) that have a flat frequency response to modulation
are known in the art.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that
the detailed description of the invention that follows may be
better understood. Additional features and advantages of the
invention will be described hereinafter which form the
subject of the claims of the invention. It should be appre-
ciated by those skilled in the art that the conception and
specific embodiment disclosed may be readily utilized as a
basis for modifying or designing other structures for carry-
ing out the same purposes of the present invention. It should
also be realized by those skilled in the art that such equiva-
lent constructions do not depart from the spirit and scope of
the invention as set forth in the appended claims. The novel
features which are believed to be characteristic of the
invention, both as to its organization and method of
operation, together with further objects and advantages will
be better understood from the following description when
considered in connection with the accompanying figures. It
is to be expressly understood, however, that each of the
figures is provided for the purpose of illustration and
description only and is not intended as a definition of the
limits of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention, reference is now made to the following descrip-
tions taken in conjunction with the accompanying drawings,
in which:
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FIG. 1 depicts a PLL according to the prior art;

FIG. 2 depicts a conceptual model of a VCO according to
the prior art;

FIG. 3 depicts PLL including the conceptual model of a
VCO according to the prior art;

FIG. 4 depicts a mathematical model of a PLL according
to the prior art;

FIG. 5 depicts a practical VCO model according to the
prior art;

FIG. 6 depicts a mathematical model of a PLL that
includes a practical VCO model according to the prior art;

FIG. 7 depicts a conventional PLL frequency demodulator
according to the prior art;

FIG. 8 depicts a conventional PLL phase demodulator
according to the prior art;

FIG. 9A depicts a PLL device according to embodiments
in accordance with the invention;

FIG. 9B depicts another PLL device according to embodi-
ments in accordance with the invention;

FIG. 10 depicts a mathematical analysis of the PLL
devices shown in FIGS. 9A and 9B;

FIG. 11 depicts a PLL device adapted for calibration
according to embodiments in accordance with the invention;

FIG. 12 depicts a mathematical analysis of calibration
according to embodiments in accordance with the invention;

FIG. 13 depicts another PLL device according to embodi-
ments in accordance with the invention;

FIG. 14 depicts another PLL device according to embodi-
ments in accordance with the invention;

FIG. 15 depicts another PLLL device according to embodi-
ments in accordance with the invention; and

FIG. 16 depicts another PLL device according to embodi-
ments in accordance with the invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 9A depicts a block diagram of PLL device 900
according to embodiments in accordance with the invention.
PLL device 900 comprises traditional PLL loop 100 includ-
ing VCO 101, phase detector 102, and loop filter 103. In
operation, reference signal 104 is provided to one of the
input ports of phase detector 102. The VCO signal from
VCO 101 is provided to the other input port of phase
detector 102. Phase detector 102 generates an error signal
that is indicative of the phase difference between reference
signal 104 and the VCO signal. The error signal is provided
to loop filter 103. The filtered signal is provided to VCO 101
to tune the VCO signal. Thus, the desired feedback loop is
created that causes VCO 101 to generate its VCO signal to
track the phase of reference signal 104.

In operation, phase modulator 901 addresses the tracking
error associated with the VCO signal. Specifically, the VCO
signal is provided to phase modulator 901. Also, the error
signal (which is indicative of the tracking error) is provided
to phase modulator 901. The gain and polarity of phase
modulator 901 may be calibrated to provide approximately
equal and opposite (given the accuracy of the selected circuit
element(s)) compensating phase modulation to the VCO
signal. The tracking error is subtracted thereby resulting in
corrected radio frequency (RF) output signal 902 that does
not possess tracking error. Addressing tracking error in this
manner is advantageous due to the relatively reliable char-
acteristics of phase detector 102 and phase modulator 901.

FIG. 10 depicts mathematical model 1000 which may be
used to analyze embodiments in accordance with the inven-
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tion. 0,, represents the phase of reference signal 104, 9,
represents the phase of the signal generated by VCO 101,
and 0,,, represents the phase of corrected RF output signal
902. K, represents the gain of VCO 101, K, represents the
gain of phase detector 102, and K,, represents the gain of
phase modulator 901. E(s) is the transfer function of loop
filter 103, P(s) is the transfer function that represents the
parasitic filtering of VCO 101, and 1/s represents the transfer
function of ideal integrator 201. As shown in model 1000,
0,.. equals K ,K 0, If K, equals 1/K, then 0,,, equals 0,,.
Mathematical model 1000 assumes that the tracking error is
within the dynamic range of phase detector 102 and that the
dynamic range of phase modulator 901 is at least as great as
that of phase detector 102. It shall be appreciated that these
assumptions are relatively modest. Accordingly, the physical
implementation of a device satisfying these assumptions is
relatively straight-forward.

Although embodiments in accordance with the invention
have been described as utilizing the phase signal from the
phase detector the PLL loop to perform tracking error
compensation, embodiments in accordance with the inven-
tion are not so limited. Specifically, if a PLL is implemented
utilizing a nonlinear phase detector that is optimized for
speed or other properties, an auxiliary linear phase detector
may be advantageously utilized. FIG. 9B depicts PLL device
950 that comprises linear phase detector 951 and nonlinear
phase detector 954. The conventional phase lock loop of
PLL device 950 includes nonlinear phase detector 954
(which may be implemented using a “bang-bang” type phase
detector). Although nonlinear phase detector 954 may be
optimized for other characteristics, it is not necessarily
optimized for linearity and accuracy. Accordingly, embodi-
ments in accordance with the invention may utilize auxiliary
linear phase detector 951 to compare the phase of reference
signal 104 with the phase of the VCO signal. The phase
signal from linear phase detector 951 may then be provided
to phase modulator 901 to phase modulate the VCO signal
according to embodiments in accordance with the invention.
It shall be appreciated that this variation may be applied to
any suitable configuration of embodiments in accordance
with the invention including those shown in FIGS. 11, 13,
14, 15, and 16.

Furthermore, calibration of phase modulator 901 is a
relatively low complexity activity. FIG. 11 depicts PLL
device 1100 adapted to perform calibration of phase modu-
lator 901 according to embodiments in accordance with the
invention. PLL device 1100 is substantially similar to PLL
device 900. However, PLL device 1100 further comprises
calibration source 1101 and adder 1102 to facilitate calibra-
tion of phase modulator 901. An unmodulated signal source
may be provided as reference signal 104. Also, source 1101
generates a signal of a single frequency that is greater than
the loop bandwidth of PLL 100. The single frequency signal
is added to the filtered error signal by adder 1102. The
combined signal from adder 1102 is then provided to VCO
101 thereby producing tracking error. At this point, K, may
be adjusted to the reciprocal of K, When properly
calibrated, phase modulator 901 cancels the tracking error
and the frequency component of corrected RF output signal
902 at the frequency of the calibration signal is absent.

FIG. 12 depicts mathematical model 1200 that analyzes
the calibration of PLL device 1100 according to embodi-
ments in accordance with the invention. In model 1200, 6,,
represents the phase of reference signal 104, 0, represents
the phase of the signal generated by VCO 101, and 6,
represents the phase of corrected RF output signal 902. K,
represents the gain of VCO 101, K, represents the gain of
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phase detector 102, and K,, represents the gain of phase
modulator 901. F(s) is the transfer function of loop filter 103,
C(s) represents the single frequency signal used for
calibration, P(s) is the transfer function that represents the
parasitic filtering of VCO 101, and 1/s represents the transfer
function of ideal integrator 201. Since reference signal 104
is an unmodulated signal, df,/dt equals 0. When K, is
calibrated to equal K, 6,,, equals 0,, and dO,_,/dt equals
de,,/dt. Specifically, all of 6_,,, 0,,, d6,,/dt, and d0,,/dt
equal zero. Thus, K,, may be varied over a range of values
during the calibration process, and, when 0,,, and d6,,,/dt
are zero, PLL device 1100 is known to be properly cali-
brated.

FIGS. 13-16 illustrate a number of exemplary applica-
tions of PLL devices according to embodiments in accor-
dance with the invention. In particular, FIG. 13 depicts PLL
phase demodulator 1300 according to embodiments in
accordance with the invention. PLL phase demodulator 1300
comprises PLL 100, frequency converter 1301, phase modu-
lator 901, and frequency converter 1302. The error signal
from phase detector 102 is provided to phase modulator 901
to modulate an input signal. In this case, instead of supplying
the signal from VCO 101, the signal from VCO 101 is
frequency down-shifted by frequency converter 1301 before
being phase modulated by phase modulator 901. Frequency
converter 1301 may be implemented as a frequency divider,
multiplier, translator, or combination thereof. It may be
advantageous to divide the VCO frequency by a relatively
small integer to enable phase modulator 901 to operate at a
lower frequency thereby reducing the complexity of phase
modulator 901. Also, the required modulation index of phase
modulator 901 is reduced by a factor equal to the division
ratio. Frequency converter 1302 may, then, be utilized to
frequency up-shift the phase modulated signal before sup-
plying corrected RF output 1303.

FIG. 14 depicts clock/data recovery (CDR) phase
demodulator 1400 according to embodiments in accordance
with the invention. CDR phase demodulator 1400 is sub-
stantially similar to PLL device 1100. Data stream 1403 is
transmitted without a separate clock channel. Accordingly,
in this case, it is necessary to recover the clock directly from
data stream 1403. To recover the clock from data stream
1403, PLL demodulator utilizes CDR phase detector 1401,
which is known in the art for recovery of a clock from data
stream 1403. Furthermore, the output of CDR phase detector
1401 provides its output to phase modulator 901 to modulate
the signal from VCO 101. As previously noted, suitable
calibration of phase modulator 901 enables CDR phase
demodulator 1400 to address tracking error in a much more
robust manner than known implementations. Moreover, by
modulating the signal from VCO 101 in this manner, PLL
demodulator 1400 provides the additional advantage of
providing the recovered clock signal 1402 as a modulated
RF signal and not merely as a voltage proportional to phase.

FIG. 15 depicts PLL frequency demodulator 1500 that is
robust against tracking error according to embodiments in
accordance with the invention. PLL frequency demodulator
1500 comprises PLL 100, phase modulator 901, and fre-
quency to voltage converter 1501. The error signal from
phase detector 102 is provided to phase modulator 901 to
modulate the signal from VCO 101. The output of phase
modulator 901 is a signal that is locked to reference signal
with minimal (if any) tracking error. The output of phase
modulator 901 is provided to to generate demodulated
output signal 1502. Output signal 1502 is a voltage propor-
tional to phase of the input signal.

FIG. 16 depicts PLL clock recovery system 1600 that is
robust against tracking error according to embodiments in
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accordance with the invention. PLL clock recovery system
1600 comprises VCO 101, CDR phase detector 1401, loop
filter 103, low pass filter 1601, low pass filter 1602, ampli-
tude modulator 1604, 90° phase shifter 1605, balanced
modulator 1603, adder 1606, and limiter 1607. There are
two outputs from CDR phase detector 1401. The phase
output is proportional to the product of phase and transition
density. The reference output is proportional only to transi-
tion density. These outputs are provided to low-pass filters
1602 and 1601, which, in turn, provide their outputs to
amplitude modulator 1604 and balanced modulator 1603
(e.g., an Armstrong modulator), respectively. Amplitude
modulator 1604 modulates the signal from VCO 101 after it
has been phase shifted 90°. Balanced modulator 1603 also
modulates the signal from VCO 101. Tracking error asso-
ciated with the PLL may be addressed by suitably calibrating
balanced modulator 1603 as discussed above. The output of
balanced modulator 1603 is combined with the 90° phase-
shifted and amplitude-modulated version of the signal at
adder 1606. The combined signal is then filtered by limiter
1607 to provide recovered clock 1608.

In addition to addressing tracking error utilizing phase
modulation, PLL clock recovery system 1600 addresses the
problems that arise as a result of symbol transition density
variation in data stream 1403. The problems associated with
such variation and systems and methods that address those
problems are discussed in greater detail in the above-
mentioned U.S. patent application Ser. No. 10/328,298,
entitled “SYSTEMS AND METHODS FOR CORRECT-
ING GAIN ERROR DUE TO TRANSITION DENSITY
VARIATION IN CLOCK RECOVERY SYSTEMS.”

Variation in the symbol or bit transition density in a data
stream causes the bandwidth of known PLLs to become
unpredictable and decreases the accuracy of jitter measure-
ments according to known techniques. As shown in PLL
clock recovery system 1600, the variation in symbol or bit
transition density is addressed by dividing the output of
low-pass filter 1602 by the output of low-pass filter 1602.
Balanced modulator 1603 performs the division, in conjunc-
tion with amplitude modulator 1604, which controls the
modulation sensitivity of the Armstrong phase modulation
arrangement. Specifically, the division of these signals pro-
duces a phase modulated signal whose modulation index is
proportional to the quotient of these two filtered signals.
Performing division in the modulation domain is discussed
in greater detail in the above-mentioned U.S. patent appli-
cation Ser. No. 10/328,304, entitled “SYSTEM AND
METHOD FOR DESIGNING AND USING ANALOG
CIRCUITS OPERATING IN THE MODULATION
DOMAIN.”

The division of these two signals results in recovered
clock that is relatively insensitive to transition density
variation by suitably implementing low-pass filters 1601 and
1602. Specifically, a data stream provided to PLL clock
recovery system 1600 may be communicated according to a
symbol or bit unit interval and a maximum run length of
consecutive symbols that occur without a transition. Low-
pass filters 1601 and 1602 may be implemented to possess
a bandwidth that approximately (considering aliasing
effects) equals one half of the reciprocal of: said unit interval
multiplied by said maximum run length. By doing so, the
output of low-pass filter 1601 may considered indicative of
the moving average of the number of data transitions (i.e.,
the symbol transition density). The output of low-pass filter
1062 may be considered indicative of the moving average of
the phase error multiplied by the transition density. By
dividing the output of low-pass filter 1602 by the output of
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low-pass filter 1601, the result is the phase error independent
of the transition density.

Accordingly, PLL clock recovery system 1600 is quite
advantageous, because it in relatively insensitive to tracking
error and transition density variation. Thus, PLL clock
recovery system 1600 is appreciably more accurate than
known clock recovery designs. The improved accuracy is
also enabled with a relatively low degree of complexity and
implementation difficulties. Furthermore, it shall be appre-
ciated that further variations of PLL clock recovery system
1600 may be made according to embodiments in accordance
with the invention. For example, a phase demodulator may
be added to PLL clock recovery system 1600 to convert the
recovered clock to a phase demodulated output. Similarly, a
frequency demodulator (e.g., frequency to voltage converter
1501) may be added to PLL clock recovery system 1600 in
a manner analogous to PLL frequency demodulator 1500 of
FIG. 15.

Embodiments in accordance with the invention enable
tracking error of PLLs to be addressed in a wide variety of
applications. Embodiments in accordance with the invention
are further advantageous, because addressing tracking error
utilizing a suitable phase modulator does not subject the
error correction to a critical dependence on the characteris-
tics of the VCO used for the application. Thus, embodiments
in accordance with the invention exhibit improved perfor-
mance in relation to modulation bandwidth and temperature
variant environments.

Although the present invention and its advantages have
been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention
as defined by the appended claims. Moreover, the scope of
the present application is not intended to be limited to the
particular embodiments of the process, machine,
manufacture, composition of matter, means, methods and
steps described in the specification. As one of ordinary skill
in the art will readily appreciate from the disclosure of the
present invention, processes, machines, manufacture, com-
positions of matter, means, methods, or steps, presently
existing or later to be developed that perform substantially
the same function or achieve substantially the same result as
the corresponding embodiments described herein may be
utilized according to the present invention. Accordingly, the
appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.

What is claimed is:

1. A device that is operable to provide a corrected phase
output signal, said device comprising:

a first phase detector that generates a first phase signal;

a phase locked loop (PLL) that generates an oscillator

signal that is related to a tuning signal, wherein said
PLL comprises (i) a second phase detector that gener-
ates a second phase signal that is indicative of a phase
difference between said oscillator signal and (ii) an
input signal and a filter that filters said second phase
signal to generate said tuning signal; and

a phase modulator that receives said oscillator signal and

said first phase signal that is indicative of a phase
difference between said oscillator signal and said input
signal, wherein said phase modulator generates said
corrected phase output signal by adding, to said oscil-
lator signal, an amount of phase modulation that is
approximately equal and opposite to said phase differ-
ence between said oscillator signal and said input
signal.



US 6,831,491 B2

9

2. The device of claim 1 further comprising:

a frequency to voltage converter that generates a voltage
signal in response to a frequency of said corrected
phase output signal.

3. The device of claim 1 wherein first phase detector is a

linear phase detector.

4. The device of claim 1 wherein said second phase

detector is a nonlinear phase detector.

5. The device of claim 1 wherein said phase modulator is

an Armstrong phase modulator.

6. The device of claim 1 further comprising:

a calibration source that is operable to generate a calibra-
tion signal of a frequency that is greater than a band-
width of said PLL when said device is operated in a
calibration mode; and

an adder that combines said calibration signal with said
filtered phase signal to drive a voltage controlled oscil-
lator (VCO) of said PLL during said calibration mode.

7. The device of claim 1 further comprising:

a first frequency converter that down-shifts a frequency of
said oscillator signal before said oscillator signal is
received by said phase modulator.

8. The device of claim 7 further comprising:

asecond frequency converter that up-shifts a frequency of
said corrected phase output signal.

9. A phase locked loop (PLL) device that is operable to

provide a corrected phase output signal, said PLL device
comprising:

a voltage controlled oscillator (VCO) that produces an
oscillator signal that is related to a tuning signal;

a phase detector that generates a first phase signal from an
input signal and said oscillator signal;

a phase modulator that receives said oscillator signal and
said first phase signal, wherein said phase modulator
generates said corrected phase output signal by adding,
to said oscillator signal, an amount of phase modulation
that is approximately equal and opposite to a phase
difference between said input signal and said oscillator
signal;

a nonlinear phase detector that generates a second phase
signal; and

a filter that filters said second phase signal to generate said
tuning signal.

10. The PLL device of claim 9 further comprising:

a first frequency converter that down-shifts a frequency of
said oscillator signal before said oscillator signal is
received by said phase modulator.

11. The PLL device of claim 10 further comprising:

asecond frequency converter that up-shifts a frequency of
said corrected phase output signal.

12. The PLL device of claim 9 wherein said phase

detector is a linear phase detector.

13. The PLL device of claim 9 wherein said phase

modulator is an Armstrong phase modulator.
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14. The PLL device of claim 9 further comprising:

a calibration source that is operable to generate a calibra-
tion signal of a frequency that is greater than a PLL
bandwidth of the PLL device when said PLL device is
operated in a calibration mode; and

an adder that combines said calibration signal with said
filtered phase signal to drive said VCO during said
calibration mode.

15. The PLL device of claim 9 further comprising:

a frequency to voltage converter that generates a voltage
signal in response to a frequency of said corrected
phase output signal.

16. A method of providing a corrected phase output

signal, comprising:

operating a phase locked loop (PLL) to provide an oscil-
lator signal;

generating a first phase signal that is indicative of a phase
difference between said oscillator signal and an input
signal;

utilizing said first phase signal to phase modulate said
oscillator signal by adding, to said oscillator signal, an
amount of phase modulation that is approximately
equal and opposite to said phase difference to generate
said corrected phase output signal;

generating a second phase signal that is indicative of a
phase difference between said oscillator signal and said
input signal with a nonlinear phase detector;

filtering said second phase signal; and

providing said second phase signal as a tuning signal to
generate said oscillator signal.

17. The method of claim 16 further comprising:

operating said PLL in a calibration mode, wherein said
operating includes generating a calibration signal of a
frequency that is greater than a loop bandwidth of said
PLL, combining said calibration signal with a filtered
phase signal of said PLL to produce a combined signal,
and using said combined signal to provide a tuning
signal to a voltage controlled oscillator (VCO) of said
PLL.

18. The method of claim 17 further comprising:

adjusting a gain parameter of said phase modulator.

19. The method of claim 16 wherein said generating said

first phase signal is performed by a clock data recovery
circuit.

20. The method of claim 16 further comprising:

down-converting said oscillator signal before phase
modulating said oscillator signal.

21. The method of claim 16 further comprising:

converting a frequency of said corrected phase output
signal to a voltage signal.

22. The method of claim 16 wherein said generating said

first phase signal is performed by a linear phase detector.

* * #* #* #*
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