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€ (57) Abstract: Phase locked loops are described which handle momentary breaks in an input communication channel. The phase
@\ locked loops provide the capability to "hold" the output clock in a communicatjon system at or very near the last output frequency
before the loss of input data. The phase locked loops according to the teachings of the present invention include a differential phase
detector that receives an input signal and feedback signal and produces a different output signal. An electronic selector circuit is
~<3 coupled to a differential output of the phase detector with an input that is responsive to a detected state of the input signal. An
operational amplifier based loop filter circuit is provided in the phased locked loop. The electronic selector circuit provides the
differential output of the phase detector at a pair of inputs to the operational amplifier. A voltage controlled oscillator is coupled to
an output of the operational amplifier and provides an output frequency for the phased locked loop circuit. The electronic selector
circuit is operable to control the input to the operational amplifier to hold an output frequency of the voltage controlled oscillator at

=

a substantially constant frequency.
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Systems and Methods for Holdover Circuits in Phase Locked Loops

Technical Field of the Invention

The present invention relates generally to the field of telecommunications and,

in particular, to systems and methods for holdover circuits in phase locked loops.

Background

The rise in the popularity of new forms of communication systems such as the
Internet has driven the need for network systems that offer greater and greater amounts
of bandwidth and data control means. Prior to the explosion of the Internet’s popularity,
most telecommunications systems were designed with an architecture to support
primarily a single service (e.g. voice calls). Today, the newer telecommunication
systems must be designed for the larger bandwidth demands and data control means.
These newer systems and networks must be able to provide two way synchronized
transfer of video, audio and other data.

Phase locked loops are frequently used in two-way data communication systems,
to generate an output clock derived from the input data. Conventionally, a phase locked
loop includes a voltage controlled oscillator which provides an output frequency to
serve as the clock signal. The phased locked loop uses an input data signal in
conjunction with the voltage controlled oscillator to generate the output clock signal.
The output clock signal can then regulate the output timing of output data signals
between data processing devices and data transmitters for transmittal of data further
along a data communication system.

If the input data signal is lost or interrupted then an output frequency of the
voltage-controlled oscillator will generally swing to one voltage rail or the other
resulting in a loss of an accurate output clock signal and potential loss of data through
the communication system. To prevent the output frequency of the voltage-controlled

oscillator from swinging to one voltage rail or the other some prior art systems
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substitute a second synchronization source or system clock to provide the
synchronization for the system. For example, in the prior art, the loss of an input data
signal to the phased locked loop will cause the phase locked loop to switch to a fixed
voltage reference, such as substitute, fixed voltage-controlled oscillator. The problem
with this prior art method is that the fixed voltage reference of the substitute voltage-
controlled oscillator may be and often is significantly different from the clock frequency
at which the phased locked loop was locked just prior to the input data loss. In this
case, the system can still experience significant problems in that the rapid switching
from one clock frequency to another will likely cause data errors.

For the reasons stated above, and for other reasons stated below which will
become apparent to those skilled in the art upon reading and understanding the present
specification, there is a need in the art for systems and methods for improved hold-over
capability in phased locked loops to account for momentary breaks in an input

communication channel.

Summary

The above mentioned problems with phase locked loop circuits which handle
clock frequencies in an input communication channel and other problems are addressed
by the present invention and will be understood by reading and studying the following
specification. Improved phase locked loops are described which provide the capability
to “hold” the output clock in a communication system at or very near the last output
frequency before the loss of input data. This can prevent loss of data and
communication with successive locations, or minimize disruption in communication, by
avoiding rapid changes in data transmission rates.

In particular, an illustrative embodiment of the present invention includes a
phase locked loop which “holds” the output clock in a communication system at or very
near the last output frequency before the loss of input data. The phase locked loop

according to the teachings of the present invention includes a differential phase detector



WO 01/31792 PCT/US00/41471

that receives an input signal and a feedback signal and produces a differential output
signal. An electronic selector circuit is coupled to a differential output of the phase
detector with an input that is responsive to a detected state of the input signal. An
operational amplifier based loop filter circuit is provided in the phased locked loop.

5 The electronic selector circuit provides the differential output of the phase detector at a
pair of inputs to the operational amplifier. A voltage controlled oscillator is coupled to
an output of the operational amplifier and provides an output frequency for the phased
locked loop circuit. The electronic selector circuit is operable to control the input to the
operational amplifier to hold an output frequency of the voltage controlled oscillator at a

10 substantially constant frequency. In one embodiment of the present invention, the
electronic selector circuit includes a switch which couples the pair of inputs together
when a reference signal, or input signal to the phase detector is interrupted. In another
embodiment of the present invention, the electronic selector circuit includes a logic-
based selector circuit which holds the pair of inputs to an identical potential level when

15  the input signal to the phase detector is interrupted.

Brief Description of the Drawings

Figure | is a block diagram illustrating a system level embodiment of a phase
locked loop circuit according to the teachings of the present invention.
20 Figure 2 is a diagram illustrating an embodiment of a phase locked loop circuit
according to the teachings of the present invention.
Figure 3 is a diagram illustrating another embodiment of a phase locked loop
circuit according to the teachings of the present invention.
Figure 4 is a block diagram of a communication system according to the

25  teachings of the present invention.

Detailed Description
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The following detailed description refers to the accompanying drawings which
form a part of the specification. The drawings show, and the detailed description
describes, by way of illustration specific illustrative embodiments in which the
invention may be practiced. These embodiments are described in sufficient detail to
enable those skilled in the art to practice the invention. Other embodiments may be
used and logical, mechanical and electrical changes may be made without departing
from the scope of the present invention. The following detailed description is,
therefore, not to be taken in a limiting sense.

Figure 1 is a block diagram illustrating a system 100 level embodiment of a
phase locked loop circuit 101 according to the teachings of the present invention.
Figure 1 provides an overview, or framework, of the operating environment, e.g. a data
communication system 100, for the present invention. In Figure 1, a data receiver 102
receives input data which is forwarded to a data processing device 104 and to an input
106 of the phased locked loop 101. The phased locked loop 101 includes a voltage-
controlled oscillator, not shown, which produces an output frequency, or output clock
signal 109. The phased locked loop 101 uses the input data signal 111 to generate the
output clock signal 109. The output clock signal 109 then regulates the output of an
output data signal 113 between the data processing device 104 and a data transmitter
116 for transmittal of data further along the communication system 100. Thus, the
phased locked loop output is used as the clock for the data processing and the
transmitter.

As shown in Figure 1 according to the teachings of the present invention, if the
input data signal 111 is lost or interrupted then an electronic selector circuit within the
phased locked loop, not shown, is operable to control the input to the operational
amplifier to hold an output frequency of the voltage controlled oscillator at a
substantially constant frequency. This avoids having the output of the voltage

controlled oscillator swing to one rail or another when the input data signal 111 is



WO 01/31792 PCT/US00/41471

(9]

10

15

20

25

interrupted. The present invention further avoids switching the clock signal to an output
frequency which is not generated from a most recently received input data signal 111.

Figure 2 is a diagram illustrating an embodiment of a novel phase locked loop
circuit 200 according to the teachings of the present invention. As shown in Figure 2,
the novel phase locked loop circuit 200 includes a differential phase detector 202. The
differential phase detector 202 has a reference input 204 and a feedback input 206 that
receive an input signal and a feedback signal and produces a differential output signal
208. By way of example, and not by way of limitation, the reference input 204 is
adapted to receive data input signals in a communication system and the feedback input
is adapted to receive feedback signals from a voltage controlled oscillator. The
differential output 208 of the differential phase detector 202 is coupled to an electronic
selector circuit 210, e.g. an analog switch, logic gates or other appropriate circuitry for
selecting between signals. The electronic selector circuit 210 has an input that is
responsive to a detected state of the input signal. The novel phase locked loop circuit
200 includes an operational amplifier based loop filter circuit 212. One of ordinary skill
in the art will understand upon reading this disclosure the various means by which an
operational amplifier based loop filter circuit 212 having capacitors, 214-1,214-2, . . .,
214-N, and resistors, 216-1, 216-2, 216-3, . . ., 216-M, can be constructed to provide a
suitable operational amplifier based loop filter circuit 212. One such configuration is
shown by way of illustration, and not by way of limitation, in Figure 2.

According to the teachings of the present invention, the electronic selector
circuit 210 provides the differential output 208 of the phase detector 202 at a pair of
inputs, 218A and 218B, to the operational amplifier 212. As shown in Figure 2, in one
embodiment, the electronic selector circuit 210 includes a switch 220 which is further
coupled to an external command signal source 222.

As shown in Figure 2, an output 224 of the operational amplifier based loop
filter 212 is coupled to a voltage-controlled oscillator 226. Further, the voltage-

controlled oscillator 226 provides an output frequency 228. The output frequency 228 is
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coupled to the feedback input 206 of the differential phase detector 202. In one
embodiment, the output frequency 228 of the voltage-controlled oscillator 226 can be
coupled to the feedback input 206 of the differential phase detector 202 through a
frequency divider 230. According to the teachings of the present invention, the output
224 of the operational amplifier based loop filter 212 serves as an input to, or drives, the
voltage-controlled oscillator 226 to generate output 228. Output 228 is used as an
output frequency 228 for a system clock coupled to a number of system modules
connected to the phased locked loop circuit 200, e.g. in a communication system.

In operation, the electronic selector circuit 210 of the phased locked loop circuit
200 is operable to control the input to the operational amplifier 212 to hold an output
frequency 228 of the voltage controlled amplifier 226 at a substantially constant
frequency. For example, as shown in Figure 2, the electronic selector circuit 210 can
hold an output frequency 228 of the voltage controlled oscillator 226 under an external
command signal from the external command signal source 222 when an input signal
received at the reference input 204 of the phase detector 202 is interrupted. In other
words, when the input signal received at the reference input 204 of the phase detector
202 is interrupted the external command signal source 222 detects the interruption, e.g.
a first detected state, and the external command signal source 222 then provides the
external command signal which operates on the electronic switch 220 of the electronic
selector circuit 210. The electronic switch 220 de-couples the pair of inputs 218A and
218B from the differential output 208 of the phase detector 202. The electronic switch
220 holds an output 224 of the operational amplifier based loop filter 212 to an output
224 generated by a last received signal from the phase detector 202 by coupling the pair
of inputs, 218A and 218B, together. Since the output 224 of the operational amplifier
212 serves as the input to the voltage-controlled oscillator 226 which provides output
228, the output frequency 228 is similarly held to an output frequency 228 generated by
a last received input signal to phase detected 202 before signal interruption. Coupling

the pair of inputs, 218A and 218B, together holds a current signal input to the
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operational amplifier 212. In effect, the electronic selector circuit 210 holds a current
signal input to the operational amplifier 212 by coupling the pair of inputs, 218A and
218B, at the same potential.

According to the teachings of the present invention, the electronic selector
circuit 210 re-couples the pair of inputs, 218A and 218B, to the differential output 208
of the phase detector 202 under instruction from the external command signal provided
by the external command signal source 222 when an input signal is restored or re-gained
at the reference input 204 of the phase detector 202. As one of ordinary skill in the art
will understand upon reading this disclosure, the present invention provides a very
gradual switch in the output 224 of the operational amplifier 212, holding the frequency
at output 228 where it was last when the input signal is lost, and gradually adjusting to a
new input signal when the input signal is regained since the operational amplifier based
loop filter 212 provides a gradual time constant for any change.

Figure 3 is a diagram illustrating another embodiment of a novel phase locked
loop circuit 300 according to the teachings of the present invention. As shown in Figure
3, the novel phase locked loop circuit 300 includes a differential phase detector 302.
The differential phase detector 302 has a reference input 304 and a feedback input 306
that receive an input signal and a feedback signal and produces a differential output
signal 308. By way of example, and not by way of limitation, the reference input 304 is
adapted to receive data input signals in a communication system and the feedback input
306 is adapted to receive feedback signals from a voltage controlled oscillator. The
differential output 308 of the differential phase detector 302 is coupled to an electronic
selector circuit 310, e.g. an analog switch, logic gates or other appropriate circuitry for
selecting between signals. The electronic selector circuit 308 has an input that is
responsive to a detected state of the input signal. The novel phase locked loop circuit
300 includes an operational amplifier based loop filter circuit 312. One of ordinary skill
in the art will understand upon reading this disclosure the various means by which an

operational amplifier based loop filter circuit 312, having capacitors and resistors as
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described in connection with Figure 2, can be constructed to provide a suitable
operational amplifier based loop filter circuit 312.

According to the teachings of the present invention, the electronic selector
circuit 310 provides the differential output 308 of the phase detector 302 at a pair of
inputs, 318A and 318B, to the operational amplifier 312. As shown in Figure 3, the
electronic selector circuit 310 includes a logic-based selector 310 which is further
coupled to an external command signal source 322 and holds the pair of inputs, 318A
and 318B, to an identical potential level when a reference signal at the reference signal
input 304 of the phase detector 302 is interrupted.

In one embodiment of the present invention, shown by way of illustration and
not by way of limitation in Figure 3, the logic based selector 310 includes a pair of AND
gates, 311A and 311B. Each AND gate, 311A and 311B, has an output coupled to one
of the pair of inputs, 318A and 318B, of the operational amplifier 312. According to the
teachings of the present invention, one input, 313A and 313B, of each AND gate, 311A
and 311B, is coupled to the differential output 308 of the phase detector 302. The other
input, 315A and 315B, of each AND gate, 311A and 311B, is coupled to an external
command signal source 322. In this embodiment, the external command signal source
322 provides a high potential to one input, e.g. 315A and 315B, of each AND gate,
311A and 311B.

In one embodiment of the present invention, as shown in Figure 3, an output 324
of the operational amplifier based loop filter 312 is coupled to a voltage-controlled
oscillator 326. Further, an output 328 of the voltage-controlled oscillator 326 is coupled
to the feedback input 306 of the differential phase detector 302. In one embodiment, the
output 328 of the voltage-controlled oscillator 326 can be coupled to the feedback input
306 of the differential phase detector 302 through a frequency divider 330. According
to the teachings of the present invention, the output 328 of the voltage-controlled

oscillator 326 is used as an output frequency 328 for a system clock coupled to a
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number of system modules connected to the phased locked loop circuit 300, e.g. in a
communication system.

In operation, the electronic selector circuit 310 of the phased locked loop circuit
300 is operable to control the input to the operational amplifier 326 to hold an output
frequency 328 of the voltage controlled oscillator 326 at a substantially constant
frequency. For example, as shown in Figure 3, the electronic selector circuit 310 can
hold an output frequency 328 of the voltage controlled oscillator 326 under an external
command signal from the external command signal source 322 when an input signal
received at the reference input 304 of the phase detector 302 is interrupted. The
external command signal source 322 operates to detect the interruption, e.g. a first
detected state, and the external command signal provided by the external command
signal source 222 operates on the logic based selector circuit 310. The logic based
selector circuit 310 de-couples the pair of inputs, 318A and 318B, from the differential
output 308 under instruction from the external command signal. The logic based
selector circuit 310 holds an output 324 of the operational amplifier based loop filter
312 to an output level generated by a last received signal from the differential output
308 by coupling the pair of inputs, 318A and 318B, to the same potential level. Since
the output 324 of the operational amplifier 312 serves as the input to the voltage-
controlled oscillator 326 which provides output 328, the output frequency 328 is
similarly held to an output frequency 328 generated by a last received input signal to
phase detected 302 before signal interruption. Coupling the pair of inputs, 318A and
318B, to the same potential level holds a current signal input to the operational
amplifier 312. In effect, the electronic selector circuit 310 holds a current signal input
to the operational amplifier 312 by coupling the pair of inputs, 318A and 318B, at the
same potential.

For example, in the embodiment shown in Figure 3, if the input signal to the
reference input 304 is lost, then 315A and 315B, each go low based on the external

command signal provided by the external command signal source 322. This effectively
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connects the pair of inputs, 318A and 318B, of the operational amplifier 312 to the same
potential, e.g. a low logic level.

According to the teachings of the present invention, the electronic selector
circuit 310 will re-couple the pair of inputs, 318A and 318B, to the differential output
308 of the phase detector 302 under instruction from the external command signal
provided by the external command signal source 322 when a reference signal is restored
or re-gained, e.g. a second detected state, at the reference input 304 of the phase detector
302. In other words, when a reference signal is restored or re-gained at the reference
input 304 of the phase detector 302 inputs, 315A and 315B, each return high. This
allows AND gates 311A and 311B to pass the differential output 308 of the phase
detector 302 to the operational amplifier based loop filter 312.

The embodiment described in Figure 3, affords the advantages described in
connection with the phase locked loop circuit of Figure 2. That is, as one of ordinary
skill in the art will understand upon reading this disclosure, embodiment of the present
invention provide a very gradual switch in the output frequency of the voltage controlled
oscillator 326, holding the frequency where it was last when the input signal to the
reference input is lost, and gradually adjusting to a new input signal when the input
signal is regained since the operational amplifier based loop filter 312 will provide a
gradual time constant for any change.

Figure 4 is a block diagram of a communication system 400 according to the
teachings of the present invention. As shown in Figure 4, the communication system
400 includes a number of traffic cards, 402-1, 402-2, . . ., 402-N, which each have
inputs and outputs. A switching device 404 is coupled to the number of traffic cards,
402-1, 402-2, . . ., 402-N. A synchronization source 406 is coupled to the number of
traffic cards, 402-1, 402-2, . . ., 402-N. The synchronization source 406 is determined
by a selector 408 coupled to an external synchronization source 410 and a controller
412. The selector 408 provides a reference signal to a phased locked loop circuit 414.

The phase locked loop circuit 414 is coupled to the controller 412. According to the
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teachings of the present invention, the phase locked loop circuit 414 can include the
phased locked loop circuit described and discussed in detail in connection with either of
Figures 2 or 3. That is, the phase locked loop circuit 414 includes a differential phase
detector, an electronic selector circuit coupled to a differential output of the phase
detector. and an operational amplifier based loop filter circuit. An output of the
operational amplifier is further coupled to a voltage controlled oscillator. As explained
in connection with Figures 2 and 3, the electronic selector circuit provides the
differential output of the phase detector at a pair of inputs to the operational amplifier.
According to the teachings of the present invention, the electronic selector circuit de-
couples the pair of inputs from the differential output and holds an output frequency of
the voltage controlled oscillator to a last received input signal to the phase detector
when an input signal to a reference signal input of the phase detector is interrupted.

As such, according to one embodiment of the present invention, the electronic
selector circuit includes a switch which couples the pair of input signals together to hold
the last received signal as a current signal input to the operational amplifier under an
instruction from the controller 412 when the reference signal is interrupted. And,
according to another embodiment of the present invention, the electronic selector circuit
includes a logic-based selector which holds the pair of inputs to an identical potential
level, under an instruction from the controller 412, to hold the last received signal from
the differential phase detector when an input signal to a reference signal input of the
phase detector is interrupted.

According to the teachings of the present invention, the synchronization source
406 is designed to provide an output clock frequency for data traffic in the
communication system 400. In one embodiment, the synchronization source 406 can
further serve as a system clock coupled to a number of system modules, e.g. switching
device 404, traffic cards 402-1, 402-2, . . ., 402-N, and other modules of the

communication system 400.
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Conclusion

Improved phase locked loops have been described which handle momentary
breaks in an input communication channel. The phase locked loops provide the
capability to “hold” the output clock in a communication system at or very near the last
output frequency before the loss of input data. Thus, the improved phase locked loops
prevent the loss of data and communication with successive locations and minimize
disruption in communication, by avoiding rapid changes in data transmission rates.

Although specific embodiments have been iltustrated and described herein, it
will be appreciated by those of ordinary skill in the art that any arrangement which is
calculated to achieve the same purpose may be substituted for the specific embodiment
shown. This application is intended to cover any adaptations or variations of the present

invention.
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What is claimed is:
1. A phase locked loop circuit, comprising:

a differential phase detector that receives an input signal and a feedback signal
and produces a differential output signal;

an electronic selector circuit coupled to the differential output of the phase
detector with an input that is responsive to a detected state of the input signal;

an operational amplifier based loop filter circuit, wherein the electronic selector
circuit provides the differential output of the phase detector at a pair of inputs to the
operational amplifier;

a voltage controlled oscillator coupled to an output of the operational amplifier
and providing an output frequency for the phased locked loop circuit; and

wherein the electronic selector circuit is operable to control the input to the
operational amplifier to hold the output frequency of the voltage controlled oscillator at

a substantially constant frequency.

2. The circuit of claim 1, wherein the electronic selector circuit de-couples the pair
of inputs from the differential output and holds the output frequency under an external

command when the input signal to the phase detector is interrupted.

3. The circuit of claim 2, wherein the electronic selector circuit holds a current
signal input to the operational amplifier when a reference signal to the phase detector is

interrupted.

4. The circuit of claim 3, wherein the electronic selector circuit holds a current
signal input to the operational amplifier by coupling the pair of inputs at the same

potential.
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5. The circuit of claim 4, wherein the electronic selector circuit includes a switch
which couples the pair of inputs together when the reference signal to the phase detector
1s interrupted.

6. The circuit of claim 2, wherein the electronic selector circuit includes a logic-
based selector circuit which holds the pair of inputs to an identical potential level when

the input signal to the phase detector is interrupted.

7. The circuit of claim 2, wherein the electronic selector circuit re-couples the pair
of inputs to the differential output of the phase detector when the input signal is

restored.

8. A phase locked loop circuit, comprising:

a differential phase detector that receives an input signal and a feedback signal
and produces a differential output signal;

an electronic selector circuit coupled to the differential output of the phase
detector with an input that is responsive to a detected state of the input signal;

an operational amplifier based loop filter circuit, wherein the electronic selector
circuit provides the differential output of the phase detector at a pair of inputs to the
operational amplifier;

a voltage controlled oscillator coupled to an output of the operational amplifier
and providing an output frequency for the phased locked loop circuit; and

wherein the electronic selector circuit de-couples the pair of inputs from the
differential output and holds the output frequency of the voltage controlled oscillator to
a last received signal from the differential output when the input signal to the phase

detector is interrupted.
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9. The circuit of claim 8, wherein the electronic selector circuit includes a switch
which couples the pair of inputs together to hold the last received signal as a current

signal input to the operational amplifier when the input signal is interrupted.

10. The circuit of claim 8, wherein the electronic selector circuit includes a logic-
based selector circuit which holds the pair of inputs to an identical potential level to
hold the last received signal from the differential output at the operational amplifter

when the input signal to the phase detector is interrupted.

11.  The circuit of claim 10, wherein the logic based selector circuit includes a pair of
AND gates, each AND gate having an output coupled to one of the pair of inputs,
wherein one input of each AND gate is coupled to the differential output, and wherein

the other input of each AND gate is coupled to an external command signal source.

12.  The circuit of claim 11, wherein the external command signal source provides a

high potential to one input of each AND gate.

13.  The circuit of claim 8, wherein the electronic selector circuit re-couples the pair
of inputs to the differential output of the phase detector when the input signal to the

phase detector is restored.

14.  The circuit of claim 8, wherein the output frequency of the voltage controlled

oscillator provides the feedback signal to the differential phase detector.

15. A communication system, comprising:
a number of traffic cards having inputs and outputs;

a switching device coupled to the number of traffic cards; and
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a synchronization source coupled to the number of traffic cards, wherein the
synchronization source is determined by a selector coupled to an external
synchronization source and a controller, wherein the selector provides an input signal to
a phased locked loop circuit, wherein the phase locked loop circuit is coupled to the
controller, and wherein the phase locked loop circuit includes:

a differential phase detector that receives the input signal and a feedback
signal and produces a differential output signal;

an electronic selector circuit coupled to a differential output of the phase
detector with an input that is responsive to a detected state of the input signal:

an operational amplifier based loop filter circuit, wherein the electronic
selector circuit provides the differential output of the phase detector at a pair of inputs to
the operational amplifier;

a voltage controlled oscillator coupled to an output of the operational
amplifier and providing an output frequency for the phased locked loop circuit; and

wherein the electronic selector circuit de-couples the pair of inputs from
the differential output and holds the output frequency of the voltage controlled oscillator
to a last received signal from the differential output when the input signal to the phase

detector is interrupted.

16.  The system of claim 15, wherein the electronic selector circuit includes a switch
which couples the pair of input signals together to hold the last received signal as a
current signal input to the operational amplifier under an instruction from the controller

when the input signal is interrupted.

17.  The system of claim 15, wherein the electronic selector circuit includes a logic-
based selector circuit which holds the pair of inputs to an identical potential level, under

an instruction from the controller, to hold the last received signal from the differential
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output at the operational amplifier when the input signal to the phase detector is

interrupted.

18.  The system of claim 17, wherein the logic based selector circuit includes a pair
of AND gates, each AND gate having an output coupled to one of the pair of inputs,
wherein one input of each AND gate is coupled to the differential output, and wherein
the other input of each AND gate is coupled to an external command signal from the

controller.

19.  The system of claim 18, wherein the external command signal includes a high

potential signal provided to one input of each AND gate.

20.  The system of claim 15, wherein the electronic selector circuit re-couples the
pair of inputs to the differential output of the phase detector when the input signal is

restored.

21.  The system of claim 15, wherein the output frequency of the voltage controlled

oscillator provides the feedback signal for the differential phase detector.

22.  The system of claim 15, wherein the output frequency of the voltage-controlled
oscillator further serves as a system clock to a number of system modules connected

to the communication system.

23. A method for preventing data errors in a communication system, comprising:
coupling input data to a phase locked loop circuit, wherein the phase locked loop
includes:
a differential phase detector that receives an input signal and a feedback

signal and produces a differential output signal;
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an electronic selector circuit coupled to a differential output of the phase
detector with an input that is responsive to a detected state of the input signal;
an operational amplifier based loop filter circuit, wherein the electronic
selector circuit provides the differential output of the phase detector at a pair of inputs to
the operational amplifier; and
a voltage controlled oscillator coupled to an output of the operational
amplifier and providing an output frequency for the phased locked loop circuit;
using the electronic selector circuit is operable to control the input to the
operational amplifier to hold the output frequency of the voltage controlled oscillator at
a substantially constant frequency when the input signal to the phase detector is
interrupted; and
using the electronic selector circuit to release control of the input to the
operational amplifier to follow the differential output when the input signal to the phase
detector is restored.
24.  The method of claim 23, wherein using the electronic selector circuit to hold the
output frequency of the voltage controlled oscillator at a substantially constant
frequency includes using the electronic selector circuit to de-couple the pair of inputs
from the differential output and hold the output frequency of the voltage controlled
oscillator to a last received signal from the differential output when the input signal to

the phase detector is interrupted.

25.  The method of claim 24, wherein using the electronic selector circuit to de-
couple the pair of inputs from the differential output includes using a switch to couple
the pair of input signals together to hold the last received signal as a current signal input

to the operational amplifier when the input signal is interrupted.

26.  The method of claim 24, wherein using the electronic selector circuit to de-

couple the pair of inputs from the differential output includes using a logic-based
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selector circuit to hold the pair of inputs to an identical potential level in order to hold
the last received signal from the differential output at the operational amplifier when the

input signal to the phase detector is interrupted.

27.  The method of claim 26, wherein using a logic-based selector circuit to hold the
pair of inputs to an identical potential level includes using a logic-based selector circuit
having a pair of AND gates, coupling an output of each AND gate to one of the pair of

inputs, coupling one input of each AND gate to the differential output, and coupling the

other input of each AND gate to an external command signal source.

28.  The method of claim 28, wherein using a logic-based selector having a pair of
AND gates and coupling the other input of each AND gate to an external command

signal source includes coupling the other input of each AND gate to a high potential.

29.  The method of claim 23, wherein using the electronic selector circuit to release
control of the input to the operational amplifier to follow the differential output includes
using the electronic selector circuit to re-couple the pair of inputs to the differential

output of the phase detector when the input signal is restored.

30.  The method of claim 23, wherein the method further includes using the output
frequency of the voltage controlled oscillator for providing the feedback signal to the

differential phase detector.

31.  The method of claim 23, wherein the method further includes using the output
frequency of the voltage controlled oscillator as an output frequency for a system clock

coupled to a number of system modules connected to the communication system.
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