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DATA COMPENSATION/
RESYNCHRONIZATION CIRCUIT FOR
PHASE LOCK LOOPS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-

cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to circuits that directly
compensate for delays induced by clock generation logic
and distributed clock drivers in phased-lock loop (PLL)
applications.

Referring to FIG. 1, a prior art clock generation/
distribution block diagram 100 is shown. External Reference
Clock 102, REF CLK, 1s applied to one input of Phase
Detector 105, and Frequency Divider Output Signal 155 1s
applied to the other input of Phase Detector 105. When the
PLL 1s locked, External Reference Clock 102 and Frequency
Divider Output Signal 155 are the same frequency. The
output of Phase Detector 105, which 1s a DC voltage
representing the phase difference between External Refer-
ence Clock 102 and Frequency Divider Output Signal 1585,
1s applied to the mput of Loop Filter 110.

Loop Filter 110 1s a low pass filter with gain, and 1s used
to set dynamic PLL characteristics. The output of Loop
Filter 110 1s applied to the mput of Voltage Controlled
Oscillator (VCO) 115. The output of Voltage Controlled
Oscillator 115 1s Voltage Controlled Oscillator Output Sig-
nal 150, a variable frequency which 1s a function of the
Voltage Controlled Oscillator 115 input. Voltage Controlled
Oscillator Output Signal 150 1s applied to the mnput of
Divide-by-N Frequency Divider 135, that divides the fre-
quency of Voltage Controlled Oscillator Output Signal 150
by the number N. Divide-by-N Frequency Divider 135 1s
programmed by Programming Input Signal 180 PROG.
Frequency Divider Output Signal 155 1s applied to one 1nput
of Phase Detector 105 as previously mentioned.

Voltage Controlled Oscillator Output Signal 150 1s routed
to a multiplicity of output clock drivers, being First Clock
Driver 120, Second Clock Driver 125, . . . Nth Clock Driven
130. Each clock driver outputs a distributed clock, these
being First Distributed Clock Output Signal 137, Second
Distributed Clock Output Signal 140, . . . Nth Daistributed
Clock Output Signal 145, respectively. The accumulated
delay of interest occurs between Voltage Controlled Oscil-
lator Output Signal 150 and each of the distributed clocks,
First Distributed Clock Output Signal 137, Second Daistrib-
uted Clock Output Signal 140, . . . , and Nth Daistributed
Clock Output Signal 145.

The detrimental effects of unwanted and uncontrolled
delays on the operation of digital circuitry are well known.
Because digital circuitry operation 1n general depends upon
the timing accuracy of logic transition edges, such as the
transition from logic low to logic high or from logic high to
logic low, the general effect of uncontrolled digital delays 1s
to affect either the ability of a circuit to clock on the proper
transition edge due to delay accumulation or to intermit-
tently clock on the correct edge due to variations 1 accu-
mulated delay. This latter effect can also manifest 1tself as
noise 1n circuits whose final performance depends upon the
regularity of clock edges 1 order to achieve high spectral

purity, as 1s the case 1n frequency synthesizers which use
PLLs.

All of the common digital logic elements contain detailed
timing data as part of their data sheets. This information is
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provided to allow the designer to make proper timing
budgets or allocations for the application of signals to the
various functional mnputs of the logic element so as to ensure
proper circuit operation. The data sheets also contain timing
information relative to the internal delays of the logic
clement so that output signals tray be characterized 1n time
with respect to mput signals.

Large digital circuits can require special software simu-
lation tools 1s order to characterize the delay safety margins
and problem areas, and unless this 1s done overall circuit
performance can become problematical at best due to
unforeseen delay accumulations. The extent of the problem
1s 1ncreased because the delay of logic elements 1s typically
also a function of temperature, thus unwanted accumulated
delays vary with temperature.

All the foregoing are well known to the art. An additional
consideration, also known to the prior art, 1s the increase 1n
sensifivity to delay problems as the frequency of circuit
operation increases. This 1s due to the fact that unwanted
accumulated delays which may not be of great importance at
low frequencies may become critical at higher frequencies.
Since the state of the art 1s toward increasing frequency of
operation, as 1n communications equipment or computer
equipment, the requirements for analysis and compensation
of unwanted delays continues to be relevant.

In addition to the above causes for unwanted digital
delays, there also are transmission line effects which become
important as the frequency of operation increases. The
interconnection tracks on printed circuit boards must be
considered as transmission lines at high frequencies, and
require proper termination and layout for optimum perfor-
mance. These transmission line effects are a source of
additional unwanted delay to digital signals, and the depar-
ture from 1deal transmission line performance causes dis-
tortion 1n digital signals which often produce changes 1n the
timing of edges.

Undesired signal delays have been an integral part of
system design considerations for years. One example of
system level considerations is the effect of signal delays on
the distribution of supposedly i1dentical clocks throughout a
system In this application the signal delays can be different
to each drop point of a distributed clock, for example, which
means that the relative timing information contained 1n the
edges of a digital clock varies from drop point to drop point.
The frequency does not change, but the accuracy of edge
fiming may be compromised throughout the system.

One prior art approach to resolve this situation 1s to
overspecily the digital elements mnvolved 1n the clock dis-
tribution system, so that extremely small incremental delays
are achieved and the magnitude of the worst case total delay
error 15 held within desired limits. This approach has pen-
alties 1 cost, power and increased generation of electro-
magnetic interference due to faster logic elements being
used.

Another prior art approach 1s to compensate for differ-
ences 1n delay at drop points by inserting compensation
delay 1n the paths with least delay, typically by inserting
otherwise unneeded logic elements 1n series with a low
delay path to increase delay. This approach has the disad-
vantages that cost increases, power elliciency decreases,
parts count increases, the delay of individual logic elements
varies from part to part and with temperature, and close
matching of overall delay between distribution drop points
may, 1n the final analysis, not be practical.

There 1s thus an unmet need 1n the art to be able to utilize
a method for PLL clock distribution which does not have the
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disadvantage of large differences m logic signal edge timing
between different drop points. Theretfore, it would be advan-
tageous 1n the art to be able to describe a method and
structure for distributing PLL digital clock signals 1n which
the delays between drop points are compensated by a
method which has predictable performance.

SUMMARY OF THE INVENTION

The present invention discloses a circuit that compensates
for delays induced by clock generation logic and distributed
clock drivers 1n phase lock loop applications 1s disclosed.
The circuit of the present invention contains a clock syn-
chronization circuit that operates to synchronize a transition
edge of a signal generated by a frequency divider against a
distributed clock signal generated by a clock output driver of
the circuit. The synchronization occurs unless the clock
synchronization circuit i1s disabled.

According to a first embodiment of the present invention,
the circuit comprises a phase detector which receives a
reference clock signal and generates a voltage signal repre-
sentative of a phase difference between the reference clock
signal and another 1nput signal to the phase detector; a loop
filter that receives the voltage signal generated by the phase
detector element and generates an output signal; a voltage
controlled oscillator (VCO) that receives the output signal of
the loop filter and generates a frequency signal that varies
according to the output signal of the loop filter; a frequency
divider that receives the frequency signal generated by the
voltage controlled oscillator element and a programming,
signal as input signals and generates a frequency divider
signal as an output signal; a clock output driver that receives
the frequency signal generated by the voltage controlled
oscillator as an 1nput signal and that generates a distributed
clock signal; and the clock synchronization circuit that
receives the frequency divider signal, the distributed clock
signal, and a control signal as input signals and generates a
signal that 1s another mput signal of the phase detector. The
clock output driver may be one of a number of clock output
drivers.

The clock synchronization circuit operates to synchronize
transition edges of the frequency divider signal generated by
the frequency divider element using the distributed clock
signal generated by the clock output driver element unless
the clock synchronization element 1s disabled by the control
signal. The clock synchronization circuit has a control
clement and a logic element that perform the synchroniza-
tion. The control element that receives the distributed clock
signal and the control signal as mput signals and generates
a control output signal. The logic element receives the
control output signal, the distributed clock signal, and the
frequency divider signal as input signals and generates the
output signal of the clock synchronization element. The
logic element samples the frequency divider signal on a
transition edge of the distributed clock signal in order to
synchronize the transition edge of the frequency divider
signal unless the control output signal generated by the
control element disables the logic element.

According to a second embodiment of the present
invention, the circuit additionally has another frequency
divider and a state machine circuit interposed between the
VCO and the clock output driver.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the invention
are set forth 1n the appended claims. The invention itself,
however, as well as a preferred mode of use, and further
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objects and advantages thereof, will best be understood by
reference to the following detailed description of an 1llus-
frative embodiment when read in conjunction with the
accompanying drawing(s), wherein:

FIG.1 15 a Clock Generation/Daistribution Block Diagram,
according to the prior art;

FIG. 2 1s a Clock Generation/Distribution Block Diagram,
according to a first embodiment of the sent invention;

FIG. 3 1s a Clock Sync Block Diagram, and

FIG. 4 1s a Clock Generation/Distribution Block Diagram,
according to a second embodiment of the present invention.

DESCRIPTION OF THE INVENTION

The present invention describes a circuit technique and
structure which directly compensates for delays induced by
clock generation logic and distributed clock drivers 1n Phase
Lock Loop (PLL) applications. In addition, because the
present invention 1s process independent 1t offers a substan-
fial reliability improvement over process-dependent delay
compensation circuits 1n that the present invention 1s pre-
dictable 1n operation.

Referring to FIG. 2, clock generation/distribution block
diagram 200 i1s shown. Note that FIG. 2 has Clock Sync
Circuit 260 which 1s not present in FIG. 1. The purpose of
Clock Sync Circuit 260 1s to use one of the distributed
clocks, Nth Daistributed Clock Output Signal 145, to resyn-
chronize the transition edges of Frequency Divider Output
Signal 155 so as to effectively remove accumulated delays
incurred between Voltage Controlled Oscillator Output Sig-
nal 150 and Nth Distributed Clock Output Signal 145 before
the signal 1s applied to the input of the phase detector as
Clock Sync Circuit Output Signal 270. Clock Sync Circuit
Disable Input Signal 265 1s utilized to disable the synchro-
nization operation of Clock Sync Circuit 260, 1f desired, in
which case Clock Sync Circuit Output Signal 270 1s func-
tionally equivalent to Frequency Divider Output Signal 155.

A more detailed explanation of Clock Sync Circuit 260 1s
presented 1 FIG. 3 as Clock Sync Block Diagram 300.
Frequency Divider Output Signal 155 1s sampled on both the
rising and falling edges of Nth Daistributed Clock Output
Signal 145. This ensures that Clock Sync Circuit Output
Signal 270 will exactly follow the input even when Nth
Distributed Clock Output Signal 145 1s a {fractional-
multiplier of the system clock (1.e., 1.5%, 2.5x, etc.). Clock
Sync Disable Logic Circuit 3035 1s used to enable both parts
of the master stage of Parallel D-type Flip-Flop 310. In this
condition, Parallel D-type Flip-Flop 310 becomes transpar-
ent on either edge of Nth Daistributed Clock Output Signal
145 since one of the paths 1n the slave stage will be enabled.
This mode 1s necessary to allow the PLL to remain locked
in a free-running state even 1f Nth Distributed Clock Output
Signal 145 is disabled (the PLL must have a feedback path
in order to remain locked). Clock Sync Circuit 260 will
resynchronize Clock Sync Circuit Output Signal 270 to Nth
Distributed Clock Output Signal 145 on the first rising or
falling edge of Nth Distributed Clock Output Signal 1435,
after Clock Sync Circuit Disable Input Signal 265 has been
deasserted. The critical path 1n Clock Sync Circuit 260 1s the
propagation from Nth Distributed Clock Output Signal 145
to Clock Sync Circuit Output Signal 270 at the slave stage
of Parallel D-type Flip-Flop 310. Parallel D-type Flip-Flop
310 should be designed to minimize the effect of this delay.

Referring to FIG. 4, which 1s a Block Diagram of a second
embodiment of a clock generation/distribution system, it
will be seen that Divide-by-2 Frequency Divider 420 and
State Machine Circuit 415 have been added to the system of
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FIG. 2. Divide-by-2 Frequency Divider 420 1s used to divide
the frequency of Voltage Controlled Oscillator Output Sig-
nal 150 by two, producing Divide-by-2 Frequency Divider
Output Signal 405. Divide-by-2 Frequency Divider Output
Signal 405. External Reference Clock 102 and Programming
Input Signal 180 are applied as inputs to State Machine

Circuit 415.

State Machine Circuit 415 1s a logic block which, using
prior art techniques, sequences through predefined logic
states to produce the different output frequencies State
Machine Circuit First Output Signal 410 and State Machine
Circuit Second Output Signal 4235. State Machine Circuit

First Output Signal 410 1s used as the mput for First Clock
Driver 120, Second Clock Driver 125, . . . Nth Clock Driver

130 1nstead of Voltage Controlled Oscillator Output Signal
150 (reference FIGS. 1 and 2). Divide-by-N Frequency
Divider 135, Second Distributed Clock Output Signal 140 .

. Nth Dastributed Clock Output Signal 145 are at a
frequency determined by State Machine Circuit First Output
Signal 410. State Machine Circuit Second Output Signal 425
1s 1ncluded to indicate that other clocks may be output by
State Machine Circuit 415 simultaneously with State
Machine Circuit First Output Signal 410. The characteristics
of any additional clocks will depend on system require-
ments.

As can be seen from the foregoing description, the present
invention will compensate for accumulated delays between
the PLL output and an arbitrarily chosen distributed clock.
This 1s possible because of the inclusion of a novel clock
sync circuit which synchronizes the output of the PLL with
the distributed clock. The PLL output frequency and the
frequency of the distributed clock may be different. Delay
compensation 1s provided without the need for adding
process dependent delay elements. The present invention
essentially minimizes the skew between an external refer-
ence 1nput clock and a distributed clock.

While the invention has been particularly shown and
described with reference to a preferred embodiment, 1t will
be understood by those skilled 1n the art that various changes
in form and detail may be made therein without departing
from the spirit and scope of the mvention.

What 1s claimed 1s:

1. A circuit that compensates for delays induced by clock
generation logic and distributed clock drivers 1n phase lock
loop applications, comprising:

a phase detector element which receives a reference clock
signal as a first mput signal and which generates a
voltage signal representative of a phase difference
between the reference clock signal and a second input
signal to the phase detector element;

a filter element that has the voltage signal generated by the
phase detector element as an input signal and that
generates an output signal;

a voltage controlled oscillator element that has the output
signal of the filter element as an 1nput signal and that
generates a frequency signal, wherein the frequency
signal varies according to the 1input signal of the voltage
controlled oscillator element;

a frequency divider element that receives the frequency
signal generated by the voltage controlled oscillator
clement as a first input signal, a programming signal as
a second input signal and that generates a frequency
divider signal as an output signal;

a clock output driver element that receives the frequency
signal generated by the voltage controlled oscillator
clement as an mput signal and that generates a distrib-
uted clock signal; and
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a clock synchronization element that receives the fre-
quency divider signal generated by the frequency
divider element as a first mnput signal, the distributed
clock signal of the clock output driver element as a
second 1nput signal, a control signal as a third input
signal, and that generates an output signal which 1s the
second 1nput signal to the phase detector element,
wherein the clock synchronization element operates to
synchronize a transition edge of the frequency divider
signal generated by the frequency divider element
using the distributed clock signal generated by the
clock output driver element unless the clock synchro-
nization element 1s disabled by the control signal.

2. The circuit of claim 1, wherein the clock synchroniza-

fion element comprises:

a control element that receives the distributed clock signal
as a first input signal and the control signal as a second
input signal and that generates a control output signal;
and

a logic element that receives the control output signal
generated by the control element as a first input signal,
the distributed clock signal as a second input signal,
and the frequency divider signal generated by the
frequency divider element as a third 1mnput signal and
that generates the output signal of the clock synchro-
nization element,

wherein the logic element samples the frequency divider
signal on a transition edge of the distributed clock
signal 1n order to synchronize the transition edge of the
frequency divider signal unless the control output sig-
nal generated by the control element disables the logic

clement.

3. The circuit of claim 2, wherein when the control signal
1s asserted, the control output signal generated by the control
clement disables the logic element and when the control
signal 1s not asserted, the control output signal generated by
the control element does not disable the logic element.

4. The circuit of claim 2, wherein the logic element is a
parallel D-type Flip-Flop.

S. The circuit of claim 4, wherein the when the control
signal 1s not asserted, the control output signal generated by
the control element enables a master portion and a slave
portion of the parallel D-type Flip-Flop.

6. The circuit of claam 2, wherein the logic element
samples the frequency divider signal on a first transition
edge and a second transition edge of the distributed clock
signal.

7. The circuit of claim 6, wherein the first transition edge
1s the rising edge of the distributed clock signal and the
second transition edge 1s the falling edge of the distributed
clock signal.

8. The circuit of claim 1, wherein the filter element 1s a
low pass filter with gain.

9. The circuit of claim 1, wherein the clock output driver
1s one of a plurality of clock output drivers.

10. The circuit of claim 1, wherein the control signal of
the clock synchronization element 1s a disable control signal.

11. A circuit that compensates for delays induced by clock
generation logic and distributed clock drivers 1n phase lock
loop applications, comprising:

a phase detector element which receives a reference clock
signal as a first mput signal and which generates a
voltage signal representative of a phase difference
between the reference clock signal and a second input
signal to the phase detector element;

a filter element that has the voltage signal generated by the
phase detector element as an input signal and that
generates an output signal;
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a voltage controlled oscillator element that has the output
signal of the filter element as an 1nput signal and that
generates a first frequency signal, wherein the fre-
quency signal varies according to the input signal of the
voltage controlled oscillator element;

a first frequency divider element that receives the first
frequency signal generated by the voltage controlled
oscillator element as a first input signal, a programming
signal as a second input signal, and that generates a first
frequency divider signal as an output signal;

a second frequency divider element that receives the first
frequency signal generated by the voltage controlled
oscillator element and that generates a second {ire-
quency divider signal as an output signal;

a state machine element that receives the second fre-
quency divider signal as a first input signal, the refer-
ence clock signal as a second input signal, and the
programming signal as a third mnput signal and that
generates a second frequency signal;

a clock output driver element that receives the second
frequency signal generated by the state machine ele-
ment as an 1input signal and that generates a distributed
clock signal; and

a clock synchronization element that receives the first
frequency divider signal generated by the first fre-
quency divider element as a first mput signal, the
distributed clock signal of the clock output driver
clement as a second 1nput signal, a control signal as a
third input signal, and that generates an output signal
which 1s the second mput signal to the phase detector
clement, wherein the clock synchronization element
operates to synchronize a transition edge of the first
frequency divides signal generated by the first fre-
quency divider element using the distributed clock
signal generated by the clock output driver element
unless the clock synchronization element 1s disabled by
the control signal.

12. The circuit of claim 11, wherein the clock synchro-

nization element comprises:

a control element that receives the distributed clock signal
as a first input signal and the control signal as a second

input signal and that generates a control output signal;
and

a logic element that receives the control output signal
generated by the control element as a first input signal,
the distributed clock signal as a second mput signal,
and the first frequency divider signal generated by the
first frequency divider element as a third mnput signal
and that generates the output signal of the clock syn-
chronization element,

wherein the logic element samples the first frequency
divider signal on a transition edge of the distributed
clock signal 1n order to synchronize the transition edge
of the first frequency divider signal unless the control
output signal generated by the control element disables
the logic element.

13. The circuit of claim 12, wherein when the control
signal 1s asserted, the control output signal generated by the
control element disables the logic element and when the
control signal 1s not asserted, the control output signal
generated by the control element does not disable the logic
clement.

14. The circuit of claim 12, wherein the logic element 1s
a parallel D-type Flip-Flop.

15. The circuit of claim 14, wherein the when the control
signal 1s not asserted, the control output signal generated by
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the control element enables a master portion and a slave
portion of the parallel D-type Flip-Flop.

16. The circuit of claim 12, wherein the logic element
samples the first frequency divides signal on a first transition
edge and a second transition edge of the distributed clock
signal.

17. The circuit of claim 16, wherein the first transition
edge 1s the rising edge of the distributed clock signal and the
second transition edge 1s the falling edge of the distributed

clock signal.

18. The circuit of claim 11, wherein the filter element 1s
a low pass filter with gain.

19. The circuit of claim 11, wheremn the clock output
driver 1s one of a plurality of clock output drivers.

20. The circuit of claim 11, wherein the control signal of
the clock synchronization element 1s a disable control signal.

21. The circuit of claim 11, wherein the state machine

clement additionally generates a third frequency signal.
22. A crrcuit, comprising.

a phase detector operable to receive a reference signal
and a synchronized signal and to generate a difference

signal having a value that is related to a phase differ-
ence between the reference and synchronized signals;

a signal-controlled oscillator coupled to the phase detec-
tor and operable to generate an oscillator signal hav-
ing as frequency that is related to the value of the
difference signal;

a driver coupled to the oscillator and operable to gener-
ate a buffered oscillator signal from the oscillator
signal; and

a synchronizer coupled to the phase detector, the
oscillator, and the driver, the synchronizer operable to
synchronize the oscillator signal to the buffered oscil-
lator signal and to generate the synchronized signal
equal to the synchronized oscillator signal.

23. The circuit of claim 22 wherein:

the phase detector is operable to generate the difference
signal having a voltage that is related to the phase
difference between the reference and synchronized sig-
nals;

the signal-controlled d oscillator is operable to generate
the oscillator signal having a frequency that is related
fo the voltage of the difference signal.

24. The circuit of claim 22 wherein the synchronizer is
operable to generate the synchronized signal having a
transition edge that is aligned with a transition edge of the
buffered oscillator signal.

25. The circuit of claim 22 wherein.

the synchronized signal and the buffered oscillator signal
each have a respective transition edge; and

the synchronizer is operable to align the transiiion edge
of the synchronized signal with the transition edge of
the buffered oscillator signal.

26. The circuit of claim 22 wherein:

the buffered oscillator signal has a transition edge; and

the synchronizer is operable to synchronize the oscillator
signal to the buffered oscillator signal by sampling the
osctllator signal on the transition edge of the buffered
osctllator signal.

27. The circuit of claim 22 wherein the synchronizer is
operable to receive a disable signal and to generate the
synchronized signal equal to the unsynchronized oscillaior
signal in response to the disable signal having a disable
value.
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28. A circuil, comprising:
a phase detector operable to receive a reference signal
and a synchronized signal and to generate a difference

signal having a value that is related to a phase differ-
ence between the reference and synchronized signals;

a filter coupled to the phase detector and operable to

generate from the difference signal a filtered difference
signal having a value;

a signal-controlled oscillator coupled to the filter and
operable to generate an oscillator signal having a
frequency that is related to the value of the filtered
difference signal;

a driver coupled to the oscillator and operable to gener-
ate a buffered oscillator signal from the oscillator
signal; and

a synchronizer coupled to the phase detector, the oscil-
lator and the driver, the synchronizer operable to
synchronize the oscillator signal to the bujffered oscil-
lator signal and to generate the synchronized signal
equal to the synchronized oscillator signal.

29. The circuit of claim 28 wherein the filter comprises a

low-pass filter.

30. The circuit of claim 28 wherein.:

the phase detector is operable to generate the difference
signal having a voltage that is related to the phase
difference between the reference and synchronized sig-
nals;

the filter 1s operable to generate the filtered difference
signal having a voltage; and

the signal-controlled oscillator is operable to generate
the oscillator signal having a frequency that is related
to the voltage of the filtered difference signal.

31. A circuil, comprising:

a phase detector operable to receive a reference signal
and a synchronized signal and to generate a difference

signal having a value that is related to a phase differ-
ence between the reference and synchronized signals;

a filter coupled to the phase detector and operable to

generate from the difference signal a filtered difference
signal having a value;

a signal-controlled oscillator coupled to the filter and
operable to generate an oscillator signal having a first
frequency that is related to the value of the filtered
difference signal,;

a driver coupled to the oscillator and operable to gener-
ate a buffered oscillator signal from the oscillator
signal;

a frequency divider coupled to the oscillator and operable
lo generate from the oscillator signal a frequency-
divided oscillator signal having a second frequency
that is lower than the first frequency; and

a synchronizer coupled to the phase detector, the fre-
quency divider, and the driver, the synchronizer oper-
able to synchronize the frequency-divided oscillator
signal to the buffered oscillator signal and to generate
the synchronized signal equal to the synchronized
frequency-divided oscillator signal.
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32. The circuit of claim 31 wherein:
the buffered oscillator signal has a transition edge; and

the synchronizer is operable to synchronize the frequency-
divided oscillator signal to the buffered oscillator sig-

nal by sampling the frequency-divided oscillator signal
on the transition edge of the buffered oscillator signal.
33. The circuit of claim 31 wherein the synchronizer is
operable to receive a disable signal and to generate the
synchronized signal equal to the unsynchronized frequency-
divided oscillator signal in response to the disable signal
having a disable value.
34. A method, comprising:

generating an oscillator signal having as a frequency that
is related to a phase difference between a reference
signal and a synchronized signal;

distributing the oscillator signal; and

generating the synchronized signal by synchronizing the
osctllator signal to the distributed oscillator signal.

35. The method of claim 34 wherein generating the
synchronized signal comprises aligning a transition edge of
the synchronized signal with a transition edge of the dis-
tributed oscillator signal.

36. The method of claim 34 wherein generating the
synchronized signal comprises.

sampling the oscillator signal on fransitions edge of the
distributed oscillator signal; and

generating the synchronized signal equal to the samples

of the oscillator signal.

37. The method of claim 34 wherein generating the
synchronized signal comprises setting the synchronized sig-
nal equal to the oscillator signal during a synchronization-
disable mode.

38. A method, comprising:

generating an oscillator signal having a frequency that is
related to a phase difference between a reference signal
and a synchronized signal;

distributing the oscillator signal;
reducing the frequency of the oscillator signal; and

generating the synchronized signal by synchronizing the
reduced-frequency oscillator signal to the distributed
oscillator signal.

39. The method of claim 38 wherein generating the
synchronized signal comprises aligning a transition edge of
the synchronized signal with a transition edge of the dis-
tributed oscillator signal.

40. The method of claim 38 wherein generating the
synchronized signal comprises:

sampling the reduced-frequency oscillator signal on tran-
sitions edge of the distributed oscillator signal; and

generating the synchronized signal equal to the samples

of the reduced-frequency oscillator signal.

41. The method of claim 38 wherein generating the
synchronized signal comprises setting the synchronized sig-
nal equal to the reduced-frequency oscillator signal during
a synchronization-disable mode.
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