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(57) ABSTRACT

A timing control circuit includes a synchronization circuit
and a detection circuit. The synchronization circuit includes a
main delay line configured to receive an mput clock signal
and delay the input clock signal by a time 1nterval to generate
an output clock signal and a control circuit configured to
control the main delay line to vary the time interval to syn-
chronize the mnput clock signal with a feedback clock signal
generated from the output clock signal responsive to assertion
of an enable signal. The detection circuit 1s configured to
receive the mput clock signal and the feedback clock signal,
detect a phase alignment error between the input clock signal
and the feedback clock signal, and assert the enable signal
responsive to the phase alignment error exceeding a prede-
termined amount. A method for synchronizing clock signals
includes receiving an 1mput clock signal; delaying the mput
clock signal by a time interval to generate an output clock
signal; controlling the time 1nterval to synchronize the input
clock signal with a feedback clock signal generated from the
output clock signal responsive to assertion of an enable sig-
nal; detecting a phase alignment error between the input clock
signal and the feedback clock signal; and asserting the enable
signal responsive to the phase alignment error exceeding a
predetermined amount.
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METHOD AND APPARATUS FOR ENABLING
A TIMING SYNCHRONIZATION CIRCUIT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mnvention relates generally to the field of semiconduc-
tor device manufacturing and, more particularly, to a method
and apparatus for enabling a timing synchronization circuit.

2. Description of the Related Art

Many high speed electronic systems possess critical timing,
requirements that dictate a need to generate a periodic clock
wavelorm possessing a precise timing relationship with
respect to some reference signal. The improved performance
of computing integrated circuits and the growing trend to
include several computing devices on the same board present
a challenge with respect to synchronizing the time frames of
all the components.

While the operation of all components in the system should
be highly synchronized, 1.e., the maximum skew in time
between significant edges of the internally generated clocks
of all the components should be mimimized, it 1s not enough to
teed the reference clock of the system to all the components.
This 1s because different chips may have different manufac-
turing parameters, which, when taken together with addi-
tional factors such as ambient temperature, voltage, and pro-
cessing variations, may lead to large differences 1n the phases
of the respective chip generated clocks.

Conventionally, synchronization 1s achieved by using a
timing circuit, such as a digital delay locked loop (DDLL)
circuit, a clock synchronized delay (CSD) circuit, or a syn-
chronous mirror delay (SMD) circuit to detect the phase
difference between clock signals of the same frequency and
produce a digital signal related to the phase difference. A
common response 1n a synchronization circuit to high fre-
quency noise 1s to generate a shift 1 one direction (1.e., to
increase or decrease the delay), followed by a subsequent
shift 1n the opposite direction (1.€., because the first shift was
not representative of an actual phase difference between the
input and output clocks). This undesirable shifting results 1n
ntter 1n the output clock signal. This jitter 1n the output signal
may reduce the stability of, or cause an error 1n, the digital
device relying on the output clock.

DDLL circuits typically require a relatively large number
of clock cycles to synchronize. As a result of this significant
lock period, DDLL circuits are not typically disabled after a
lock 1s achieved to conserve power. DDLL circuits are also
not well suited to handling large temperature or voltage shifts
due to their slow response time.

CSD and SMD circuits have been developed for providing
a fast lock capability (e.g., within 1-4 clock cycles after 1ni-
tialization). One drawback of such circuits 1s noise sensitivity,
which may result 1n considerable jitter due to process, volt-
age, and temperature (PV'T) vanations.

The present invention 1s directed to overcoming, or at least
reducing the eflects of, one or more of the problems set forth

above.

SUMMARY OF THE INVENTION

One aspect of the present mvention 1s seen 1n a timing,
control circuit including a synchronization circuit and a
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detection circuit. The synchronization circuit includes a main
delay line configured to recerve an mput clock signal and
delay the mput clock signal by a time interval to generate an
output clock signal and a control circuit configured to control
the main delay line to vary the time interval to synchronize the
iput clock signal with the output clock signal responsive to
assertion ol an enable signal. The detection circuit 1s config-
ured to receive the input clock signal and a feedback clock
signal, detect a phase alignment error between the input clock
signal and the feedback clock signal, and assert the enable
signal responsive to the phase alignment error exceeding a
predetermined amount.

Another aspect of the present invention 1s seen in a method
for synchronizing clock signals. The method includes receiv-
ing an input clock signal; delaying the imput clock signal by a
time interval to generate an output clock signal; controlling
the time 1nterval to synchronize the mput clock signal with a
teedback clock signal generated from the output clock signal
responsive to assertion of an enable signal; detecting a phase
alignment error between the input clock signal and the feed-
back clock signal; and asserting the enable signal responsive
to the phase alignment error exceeding a predetermined
amount.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention may be understood by reference to the fol-
lowing description taken 1n conjunction with the accompany-
ing drawings, 1n which like reference numerals 1dentity like
elements, and 1n which:

FIG. 1 1s a simplified block diagram of a digital system
having a timing control circuit in accordance with the present
invention;

FIG. 2 1s simplified block diagram of the timing control
circuit of FIG. 1;

FIG. 3 1s a simplified block diagram of a clock synchro-
nized delay (CSD) circuit suitable for use as a synchroniza-
tion circuit in the timing control circuit of FIG. 2;

FIG. 4 1s a simplified block diagram of a synchronous
mirror delay (SMD) circuit suitable for use as a synchroniza-
tion circuit 1n the timing control circuit of FI1G. 2; and

FIG. 5 1s a simplified block diagram of a detection circuit
suitable for use in the timing control circuit of FI1G. 2.

While the invention 1s susceptible to various modifications
and alternative forms, specific embodiments thereol have
been shown by way of example 1n the drawings and are herein
described in detail. It should be understood, however, that the
description herein of specific embodiments 1s not intended to
limit the invention to the particular forms disclosed, but on the
contrary, the intention 1s to cover all modifications, equiva-
lents, and alternatives falling within the spirit and scope of the
invention as defined by the appended claims.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[lustrative embodiments of the mvention are described
below. In the interest of clarity, not all features of an actual
implementation are described 1n this specification. It will of
course be appreciated that 1n the development of any such
actual embodiment, numerous implementation-specific deci-
s1ions must be made to achieve the developers’ specific goals,
such as compliance with system-related and business-related
constraints, which will vary from one implementation to
another. Moreover, 1t will be appreciated that such a develop-
ment effort might be complex and time-consuming, but
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would nevertheless be a routine undertaking for those of
ordinary skill 1n the art having the benefit of this disclosure.

Referring to FIG. 1, a ssmplified block diagram of a digital
system 100 1s provided. The digital system 100 includes a first
digital device 105 coupled to a second digital device 110. The
first digital device 105 provides a reference clock signal
(CLKEX) to the second digital device 110. The second digital
device 110 uses the CLKEX signal to synchronize 1ts internal
clocks using a timing control circuit 115 and generate an
output clock signal (Clock Out). As an illustrative example,
the second digital device 110 may be a memory device that
synchronizes its output data on a data line 120 with the Clock
Out signal.

Turning now to FIG. 2, a ssmplified block diagram of the
timing control circuit 115 1s illustrated. The timing control
circuit 1135 includes a butfer 200 1n which the mput clock
signal (CLKEX) 1s recerved (and produces an output signal
CLKIN). The CLKIN signal 1s passed to a synchronization
circuit 210. As described 1n greater detail below 1n reference
to FIGS. 3 and 4, the synchromization circuit 210 delays the
CLKIN signal to generate a CLKOU'T feedback signal that is
synchronized with the CLKIN signal. The CLKOUT si1gnal 1s
used to control the internal circuitry of the digital device 110
(see FIG. 1) such that the data output by the digital device 110
1s synchronized with the CLKEX signal.

After the synchronization circuit 210 performs 1ts synchro-
nization function, its control circuitry may be disabled to
conserve power and reduce susceptibility to noise in the
CLKIN signal. A detection circuit 220 1s provided for moni-
toring the degree of synchronization between the CLKIN and
CLKOUT signals over time to determine whether the control
circuitry of the synchronization circuit 210 should be re-
enabled to resynchronize the signals, as described in greater
detail below 1n reference to FIG. 5. The detection circuit 220
receives the CLKIN signal and a feedback clock signal
(FCLK) corresponding to the actual output clock signal of the
device 110 after the clock signal passes through its internal
circuitry. The FCLK signal 1s used as a feedback signal for
identifying phase differences between the CLKEX signal and
the actual output clock signal of the digital device 110.

To generate the FCLK signal, the CLKOUT signal 1s
passed through a delay model 230 that uses a variety of logic
components to approximate the delay introduced 1n the Clock
Out signal by the circuitry of the digital device 110 and the
delay 1n the builer circuit 200. In an alternative embodiment,
the actual output clock signal may be used to generate feed-
back information for the detection circuit 220 (i.e., with the
additional input butier 200 delay).

Turning now to FIGS. 3 and 4, simplified block diagrams of
CSD and SMD circuits suitable for use as the synchronization
circuit 210 are provided, respectively. The construct and
operation of CSD and SMD circuits are well known to those
of ordinary skill in the art. The invention 1s not limited to one
of these particular embodiments, as other synchronization
circuit designs may be used without departing from the spirit
and scope of the stant invention.

FI1G. 3 illustrates a CSD circuit 300 suitable for use as the
synchronmization circuit 210. The CLKIN signal from the
butlter 200 1s passed to a main delay line 310 and a CSD
control circuit 320 for controlling the amount of delay
imparted by the main delay like 310. The CLKIN signal 1s
also passed to a delay model 330 similar to that of FIG. 2. In
one embodiment, the delay models 230, 330 may be imple-
mented 1n separate circuitry, while 1n another embodiment,
the delay models 230, 330 may be implemented using the
same circultry and multiplexed into the appropriate circuit
path as necessary. For example, when the control circuitry of
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the synchronization circuit 210 i1s enabled, the delay model
230, 330 may be used in the circuit of FIGS. 3 and 4, and when
the control circuitry of the synchronization circuit 210 1s
disabled, the delay models 230, 330 may be used with the
detection circuit 220, as shown in FIG. 2.

The delay model 330 1s coupled to a measurement delay
line 340. The measurement delay line 340 includes a plurality
of delay elements (e.g., individual delay stages with a control
gate or a shift register and a plurality of control gates coupled
to stages of the shift register). Each delay element has an
output that1s connected to the CSD control circuit 320. In one
embodiment, the CSD control circuit 320 may be a latch array
having a plurality of parallel latches. When the delayed signal
from the measurement delay line 340 has aligned with the
CLKIN signal, the appropriate latch 1n the CSD control cir-
cuit 320 1s triggered.

Each output terminal of the plurality of latches 1n the CSD
control circuit 320 1s connected to the main delay line 310.
The main delay line 310 includes a plurality of serially cas-
caded delay elements. The CLKIN signal passes through each
of the senally cascaded delay elements until 1t reaches the
selected delay element that 1s gated by the latch of the CSD
control circuit 320. The output of the main delay line 310 1s
the CLKOU'T signal that 1s passed to the internal circuitry of
the digital device 110.

Turning now to FIG. 4, an SMD circuit 400 suitable for
implementing the synchronization circuit 210 1s now
described. The CLKIN signal 1s passed to a delay model 410
similar [an construct] ir construction and operation to the
delay modal 330 of FIG. 3. The output of the delay model 410
1s passed to a measurement delay line 420. The measurement
delay line 420 includes a plurality of serially cascaded delay
clements, such as a shiit register and a plurality of control
gates coupled to stages of the shift register. As with the mea-
surement delay line 340 of FIG. 3, each element of the mea-
surement delay line 420 1s a delay stage with a control gate.
The SMD circuit 400 includes an SMD control circuit 430
configured to receive the output signals from each stage of the
measurement delay line 420. In the illustrated embodiment,
the SMD control circuit 430 1s a transier gate array including
a plurality of transier gates. In other embodiments, other
selection logic may be used 1n lieu of transter gates. The
CLKIN signal 1s connected to each of the transfer gates.
When the delayed signal 1n the measurement delay line 420
has been delayed by an amount that will align the first cycle of
the delayed CLKIN signal with a second cycle of CLKIN
signal (1.¢., non-delayed), one of the transter gates in the SMD
control cu*cmt 430 1s activated. The delayed CLKIN signal 1s
transierred through the selected transier gate to the main
delay line 440.

The main delay line 440 1includes plurality of serially con-
nected delay elements each of which has an mnput terminal
connected to the output terminals of the transfer gate array 1n
the SMD control circuit 430. The one transier gate that 1s
activated when the first pulse of the delayed CLKIN signal 1s
aligned with the CLKIN signal 1s connected to the main delay
line 440. The transierred delayed CLKIN signal 1s transferred
and delayed through the main delay line 440 to generate the
CLKOUT signal that 1s passed to the internal circuitry of the
digital device 110.

Turning now to FIG. 5, the [construct] construction and
operation of an exemplary embodiment of the detection cir-
cuit 220 1s provided. The detection circuit 220 generates an
enable signal for enabling the control circuitry (e.g., the CSD
control circuit 320 of FIG. 3 or the SMD control circuit 430 of
FIG. 4). Electrical power 1s not actually removed from the
control circuits 320, 430, but rather the state of the control
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circuits 320, 430 1s locked, such that the selected latch (1.e., 1n
the CSD control circuit 320) or the selected transfer gate (1.¢.,
in the SMD control circuit 430) cannot change. This locking
essentially fixes the amount of delay imparted by the main
delay line 310, 440. When the detection circuit 220 1dentifies
conditions under which the CLKIN and CLKOUT signals
should be resynchronized, 1t sends an enable signal to the
control circuit 320, 430 to allow a change 1n state (e.g., in the
respective latch or transfer gate).

In the illustrated embodiment, the detection circuit 220
includes a small difference phase detector 500 for detecting
changes 1n the phase between the CLKIN signal and the
FCLK signal (1.e., simulated output clock signal). The small
difference phase detector 500 1s configured to provide a
binary signal in response to the phase difference exceeding a
predetermined threshold (1.e., 1n either direction). The output
of the small difference phase detector 500 1s recerved by a
noise filter 510 configured to reduce the sensitivity of the
output of the small difference phase detector 500 to noise. The
particular [construct] construction of the noise filter 510
depends on the particular implementation and the type of
noise expected.

In one embodiment, the noise filter 510 may be a maj ority
filter for reducing jitter in the output of the small difference
phase detector 500. For example, high frequency noise in the
CLKIN signal may cause an apparent phase shift between the
CLKIN and FCLK signals. The transient nature of the noise
may result 1n the small difference phase detector 500 detect-
ing a shift 1n one direction during one clock cycle followed by
a shiit in the other direction during a subsequent clock cycle.
The noise filter 510 (1.¢., 1n a majority filter implementation)
waits until the output of the small difference phase detector
500 remains at a constant shiit signal condition for a prede-
termined number of clock cycles. In one exemplary embodi-
ment, the noise filter 510 may be an n-stage shift register that
delivers the enable signal after n consecutive shiit signals are
asserted. An exemplary number of shiit stages 1s 2.

The detection circuit 220 also includes a large difference
phase detector 520 configured to detect a large phase differ-
ence between the CLKIN and FCLK signals. The large dii-
terence phase detector 520, having a larger activation thresh-
old, allows large phase changes that may result from
temperature or voltage deviations to bypass the noise filter
510 and quickly enable the control circuit 320, 430 of the
synchronization circuit 210 to resynchronize the CLKIN and
FCLK signals.

In one exemplary embodiment, the small difference phase
detector 500 may be configured to detect phase differences
corresponding to at least one delay stage in the main delay
line 310, 440. The large difference phase detector 520 may be
configured to detect phase differences corresponding to three
or more delay stages. The noise filter 510 reduces jitter in the
CLKOUT signal by veritying the persistence of small phase
Crrors pI‘lOI‘ to enabling the synchronization circuit 210. The
large difference phase detector 520 allows errors cause by
significant deviations to be identified and acted upon without
the requisite delay imparted by the noise filter 510.

Using the detection circuit 220 to selectively enable the
synchronization circuit 210 to re-synchronize the output
clock of the device 110 with respect to the external clock
signal (CLKEX), as described above, has numerous advan-
tages. First, a power savings 1s realized by disabling some of
the circuitry 1n the synchronization circuit. Second, jitter in
the output clock signal i1s reduced, because the synchroniza-
tion circuit remains 1n a locked state until conditions exist that
indicate the need to resynchronize. The noise filter 510
increases the noise tolerance of the timing control circuit 1135
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to small perturbations, yet the large difference phase detector
520 allows significant perturbations to be addressed quickly
by bypassing the noise filter 510.

The particular embodiments disclosed above are illustra-
tive only, as the invention may be modified and practiced in
different but equivalent manners apparent to those skilled 1n
the art having the benefit of the teachings herein. Further-
more, no limitations are intended to the details of construction
or design herein shown, other than as described 1n the claims
below. It 1s therefore evident that the particular embodiments
disclosed above may be altered or modified and all such
variations are considered within the scope and spirit of the
invention. Accordingly, the protection sought herein 1s as set
forth 1n the claims below.

What 1s claimed:

1. A timing control circuit, comprising;

a synchronization circuit, comprising:

a main delay line configured to receive an input clock
signal and delay the input clock signal by a time interval
to generate an output clock signal;

a control circuit configured to control the main delay line to
vary the time interval to synchronize the input clock
signal with a feedback clock signal generated from the
output clock signal, control of the main delay line
allowed responsive to assertion ol an enable signal; and

a detection circuit configured to receive the input clock
signal and the feedback clock signal, detect a phase
alignment error between the 1mput clock signal and the
feedback clock signal, and assert the enable signal
responsive to the phase alignment error exceeding a
predetermined amount, said detection circuit compris-
ing a noise filter for generating said enable signal.

2. The timing control circuit of claim 1, wherein the detec-
tion circuit includes a first phase detector configured to com-
pare the input clock signal and the feedback clock signal and
assert the enable signal responsive to the feedback clock
signal being out of phase with respect to the mput clock
signal.

3. The timing control circuit of claim 1, wherein the detec-
tion circuit comprises:

a first phase detector having a first threshold and being
configured to compare the mput clock signal and the
feedback clock signal and generate a shift signal respon-
stve to the feedback clock signal being out of phase with
respect to the mput clock signal an amount greater than
the first threshold; and

the noise filter coupled to the first phase detector and being
configured to filter the shiit signal to generate the enable
signal.

4. The timing control circuit of claim 3, wherein the noise
filter 1s comprises an n-stage delay configured to assert the
enable signal responsive to receiving n occurrences of the
[first] shift signal.

5. The timing control circuit of claim 4, wherein n 1s at least
two.

6. The timing control circuit of claim 3, wherein the detec-
tion circuit further comprises:

a second phase detector having a second threshold larger
than the first threshold and being configured to compare
the input clock signal and the feedback clock signal and
assert the enable signal responsive to the feedback clock
signal being out of phase with respect to the input clock
signal an amount greater than the second threshold.

7. The timing control circuit of claim 1, further comprising

a first delay model configured to receive the output clock
signal and generate the feedback clock signal.
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8. The timing control circuit of claim 1, wherein the syn-
chronization circuit comprises a clock synchronized delay
circuit.

9. The timing control circuit of claim 1, wherein the syn-
chronization circuit comprises a synchronous mirror delay
circuit.

10. The timing control circuit of claim 1, wherein the
synchronization circuit further comprises:

a delay model configured to recerve the mput clock signal;

and

a measurement delay line having a plurality of stages and
being coupled to the delay model wherein the control
circuit 1s configured to detect a stage of the measurement
delay line where the iput clock signal as delayed by the
delay model and the measurement delay line 1s 1n phase
with the mput clock signal.

11. The timing control circuit of claim 10, wherein the
measurement delay line comprises a shift register and a plu-
rality of control gates coupled to stages of the shift register.

12. The timing control circuit of claam 11, wherein the main
delay line comprises a plurality of serially cascaded delay
clements, each transier gate of the transier gate array 1s asso-
ciated with an associated one of the serially cascaded delay
elements, and [the] an active transfer gate is configured to
transier the input clock signal as delayed by the delay model
and the measurement delay line to 1ts associated one of the
serially cascaded delay elements.

13. The timing control circuit of claim 10, wherein the
control circuit comprises a latch array comprising a plurality
of latches, each latch 1s coupled to a respective one of the
stages of the measurement delay line, and one of the latches 1s
active responsive to the mput clock signal as delayed by the
delay model and the measurement delay line being in phase
with the mput clock signal.

14. The timing control circuit of claim 13, wherein the main
delay line comprises a plurality of serially cascaded delay
clements, each latch of the control circuit 1s coupled to ar
associated one of the serially cascaded delay elements, and
[the] ar active latch in the latch array enables its associated
one of the serially cascaded delay elements.

15. The timing control circuit of claim 10, wherein the
control circuit comprises a transier gate array comprising a
plurality of transfer gates, each transfer gate 1s coupled to a
respective one of the stages of the measurement delay line,
and one of the transier gates 1s active responsive to the mput
clock signal as delayed by the delay model and the measure-
ment delay line being 1n phase with the mput clock signal.

16. The timing control circuit of claam 1, wherein the
control circuit 1s configured to lock a current state of the main
delay line responsive to the enable signal being deasserted.

17. A timing control circuit, comprising:

a synchronization circuit, comprising:

a main delay line configured to receive an input clock
signal and delay the input clock signal by a time interval
to generate an output clock signal;

a first delay model configured to receive the output clock
signal and generate a feedback clock signal;

a control circuit configured to control the main delay line to
vary the tune interval to synchronize the input clock
signal with the feedback clock signal responsive to
assertion of an enable signal; and

a detection circuit, comprising:

a lirst phase detector having a first threshold and being
configured to compare the input clock signal and the
teedback clock signal and generate a shift signal respon-
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stve to the feedback clock signal being out of phase with

respect to the input clock signal an amount greater than

the first threshold; and

a noise filter coupled to the first phase detector and being,
configured to filter the shiit signal to generate the enable
signal.

18. The timing control circuit of claim 17, wherein the
noise filter [is] comprises an n-stage delay configured to
assert the enable signal responsive to recerving n occurrences
of the [first] shift signal.

19. The timing control circuit of claim 18, wherein n 1s at
least two.

[20. The circuit of claim 17, wherein the detection circuit
further comprises:

a second phase detector having a second threshold larger
than the first threshold and being configured to compare
the input clock signal and the feedback clock signal and
assert the enable signal responsive to the feedback clock
signal being out of phase with respect to the input clock
signal an amount greater than the second thresh old.]

21. The timing control circuit of claim 17, wherein the
synchronization circuit comprises a clock synchronized delay
circuit.

22. The timing control circuit of claim 17, wherein the
synchronization circuit comprises a synchronous mirror
delay circuait.

23. The timing control circuit of claim 17, wherein the
control circuit 1s configured to lock a current state of the main
delay line responsive to the enable signal being deasserted.

24. A digital system, comprising;:

a first digital device configured to provide an external clock
signal; [and]

a second digital device configured to receive the external
clock signal, the second digital device including: an
input buller configured to receive the external clock
signal and generate an input clock signal based thereon;
and

a synchronization circuit, comprising:

a main delay line coupled to the input buifer and con-
figured to delay the input clock signal by a time inter-
val to generate an output clock signal;

a control circuit configured to control the main delay line
to vary the time interval to synchronize the input clock
signal with a feedback clock signal generated from
the output clock signal, a state of the control circuit
locked responsive to [assertion of] an enable signal;
and

a detection circuit configured to recerve the mput clock
signal and the feedback clock signal, detect a phase
alignment error between the 1mput clock signal and the
feedback clock signal, and assert the enable signal
responsive to the phase alignment error exceeding a
predetermined amount, said detection circuit compris-
ing a noise filter for generating said enable signal.

25. The system of claim 24, wherein the detection circuit
includes a first phase detector configured to compare the input
clock signal and the feedback clock signal and assert the
enable signal responsive to the feedback clock signal being
out of phase with respect to the mput clock signal.

26. The system of claim 24, wherein the detection circuit
COmprises:

a first phase detector having a first threshold and being
configured to compare the iput clock signal and the
teedback clock signal and generate a shift signal respon-
stve to the feedback clock signal being out of phase with
respect to the mput clock signal an amount greater than

the first threshold; and
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the noise filter coupled to the first phase detector and being
configured to filter the shift signal to generate the enable
signal.

27. The system of claim 26, wherein the noise filter 1s
comprises an n-stage delay configured to assert the enable
signal responsive to receiving n occurrences of the [first] shift
signal.

28. The system of claim 27, wherein n 1s at least two.

29. The system of claim 26, wherein the detection circuit
turther comprises:

a second phase detector having a second threshold larger
than the first threshold and being configured to compare
the input clock signal and the teedback clock signal and
assert the enable signal responsive to the feedback clock
signal being out of phase with respect to the input clock
signal an amount greater than the second threshold.

30. The system of claim 24, turther comprising a first delay
model configured to receive the output clock signal and gen-
erate the feedback clock signal.

31. The system of claim 24, wherein the synchromzation
circuit comprises a clock synchronized delay circuat.

32. The system of claim 24, wherein the synchromization
circuit comprises a synchronous mirror delay circuit.

33. The system of claim 24, wherein the synchromzation
circuit further comprises.

a delay model configured to receive the iput clock signal;

and

a measurement delay line having a plurality of stages and
being coupled to the delay model, wherein the control
circuit 1s configured to detect a stage ol the measurement
delay line where the mput clock signal as delayed by the
delay model and the measurement delay line 1s 1n phase
with the mput clock signal.

34. The system of claim 33, wherein the measurement
delay line comprises a shift register and a plurality of control
gates coupled to stages of the shift register.

35. The system of claim 34, wherein the main delay line
comprises a plurality of serially cascaded delay elements,
cach transier gate of the transfer gate array 1s associated with
an associated one of the serially cascaded delay elements,
and [the] ar active transfer gate is configured to transfer the
input clock signal as delayed by the delay model and the
measurement delay line to 1ts associated one of the serially
cascaded delay elements.

36. The system of claim 34, wherein the control circuit 1s
configured to lock a current state of the main delay line
responsive to the enable signal being deasserted.

37. The system of claim 33, wherein the control circuit
comprises a latch array comprising a plurality of latches, each
latch 1s coupled to a respective one of the stages of the
measurement delay line, and one of the latches 1s active
responsive to the mput clock signal as delayed by the delay
model and the measurement delay line being 1n phase with the
input clock signal.

38. The system of claim 37, wherein the main delay line
comprises a plurality of senially cascaded delay elements,
cach latch of the control circuit 1s coupled to ar associated
one of the serially cascaded delay elements, and [the] ar
active latch 1n the latch array enables its associated one of the
serially cascaded delay elements.

39. The system of claim 33, wherein the control circuit
comprises a transier gate array comprising a plurality of
transier gates, each transier gate 1s coupled to a respective one
of the stages of the measurment delay line, and one of the
transier gates 1s active responsive to the iput clock signal as
delayed by the delay model and the measurement delay line
being 1n phase with the mput clock signal.
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40. A method for synchronizing clock signals, comprising:

recerving an mput clock signal;

delaying the iput clock signal by a time interval to gener-

ate an output clock signal;

controlling the time interval to synchromize the input clock

signal with a feedback clock signal generated from the
output clock signal responsive to assertion of an enable
signal;

detecting a phase alignment error between the input clock

signal and the feedback clock signal;

and asserting the enable signal responsive to the phase

alignment error exceeding a predetermined amount,
asserting said enable signal comprising using a noise
filter to generate said enable signal.

41. The method of claim 40, further comprising:

comparing the mput clock signal and the feedback clock

signal; and

asserting the enable signal responsive to the feedback clock

signal being out of phase with respect to the mput clock
signal.

42. The method of claim 40, further comprising:

comparing the mput clock signal and the feedback clock

signal;

generating a shift signal responsive to the feedback clock

signal being out of phase with respect to the input clock
signal an amount greater than a first threshold; and
filtering the shift signal to generate the enable signal.

43. The method of claim 42, wherein filtering the shift
signal further comprises asserting the enable signal respon-
sive to receiving n occurrences of [the] a first shift signal.

44. The method of claim 43, wherein filtering the shift
signal further comprises asserting the enable signal respon-
stve 1o receiving at least two occurrences of the first shift
signal.

45. The method of claim 42, further comprising asserting,
the enable signal responsive to the feedback clock signal
being out of phase with respect to the input clock signal an
amount greater than a second threshold.

46. The method of claim 40, further comprising delaying
the output clock signal to generate the feedback clock[.]
signal.

4'7. The method of claim 40, wherein delaying the input
clock signal Turther comprises delaying the input clock signal
in a delay line, and the method further comprises locking a
current state of the delay line responsive to the enable signal
being deasserted.

48. A method for synchronizing clock signals, comprising:

recerving an input clock signal;

delaying the input clock signal by a time 1nterval to gener-

ate an output clock signal;
controlling the time 1nterval to synchronize the input clock
signal with a feedback clock generated from the output
clock signal responsive to assertion of an enable signal;

detecting a phase alignment error between the input clock
signal and the feedback clock signal;

generating a first shift signal responsive to the phase align-

ment error exceeding a first predetermined amount;
filtering the first shift signal to generate a filtered shift
signal;

generating a second shitt signal responsive to the phase

alignment error exceeding a second predetermined
amount; and

asserting the enable signal based on either of the filtered
shift signal and the second shift signal being asserted.
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49. A device, comprising:

means for receiving an mnput clock signal;

means for delaying the input c/ock signal by a time interval
to generate an output clock signal;

means for controlling the time nterval to synchronize the
input clock signal with a feedback clock signal gener-
ated from the output clock signal responsive to assertion
of an enable signal;

means for detecting a phase alignment error between the
input clock signal and the feedback clock signal; and

means for asserting the enable signal responsive to the
phase alignment error exceeding a predetermined
amount, said means for asserting said enable signal com-
prising means for using a noise filter to generate said
cnable signal.

50. A device, comprising;:

means for recerving an input clock signal;

means for delaying the input c/ock signal by a time interval
to generate an output clock signal;

means for controlling the time 1nterval to synchronize the
iput clock signal with a feedback clock signal gener-
ated from the output clock signal responsive to assertion
of an enable signal;

means for detecting a phase alignment error between the
input clock signal and the feedback clock signal;

means for generating a first shift signal responsive to the
phase alignment error exceeding a first predetermined
amount;

means for filtering the first shift signal to generate a filtered
shift signal;

means for generating a second shift signal responsive to the
phase alignment error exceeding a second predeter-
mined amount; and

means for asserting the enable signal based on either of this
filtered shiit signal and the second shift signal being
asserted.

51. A timing control circuit, comprising;:

a synchronization circuit to delay an mnput clock signal and
generate a feedback clock signal that 1s substantially
synchronized with the input clock signal, said synchro-
nization circuit comprising a main delay line configured
to delay said input signal and a control circuit configured
to control the main delay line to synchronize the input
clock signal with [a] ke feedback clock signal; and

a detection circuit communicatively coupled to the syn-
chronization circuit to monitor a degree of synchroniza-
tion between the mput clock signal and the feedback
clock signal over time to selectively enable resynchro-
nization of the input clock signal and the feedback signal
based on the degree of synchronization, said detection
circuit comprising a noise filter for generating an enable
signal for enabling said resynchronization.

52. The circuit of claim 51, wherein the degree of synchro-
nization 1s based on a phase alignment error between the input
clock signal and the feedback clock signal.

53. The circuit of claim 52, wherein the detection circuit
asserts [an] tze enable signal to the synchronization circuit
responsive to the phase alignment error exceeding a prede-
termined amount.

54. The circuit of claim 51, wherein the detection circuit
COmMprises:

a lirst phase detector having a first threshold and being
configured to compare the iput clock signal and the
teedback clock signal and generate a shift signal respon-
stve to the feedback clock signal being out of phase with
respect to the input clock signal an amount greater than

the first threshold; and
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the noise filter comprises a majority filter coupled to the
first phase detector and being configured to filter the
shift signal to generate the enable signal.

55. The circuit of claim 54, wherein the detection circuit

further comprises:

a second phase detector having a second threshold larger
than the first threshold and being configured to compare
the input clock signal and the feedback clock signal and
assert the enable signal responsive to the feedback clock
signal being out of phase with respect to the input clock
signal an amount greater than the second threshold.

56. A timing control circuit, comprising:

a synchronization circuit to delay an mput clock signal and
generate a feedback clock signal that 1s substantially
synchronized with the input clock signal, said synchro-
nization circuit comprising a main delay line configured
to delay said mput clock signal and a control circuit
configured to control the main delay line to synchronize
the input clock signal with [a] tze feedback clock signal
and further configured to have a locked state responsive
to an enable signal;, and

a detection circuit to recerve the mput clock signal and the
teedback clock signal, determine difference between the
iput clock signal and the feedback clock signal and
provide [an] #ke enable signal to the synchronization
circuit responsive to the determined difference to allow
the state of the control circuit to be changed, said detec-
tion circuit comprising a noise filter for generating said
enable signal.

57. The circuit of claim 56, wherein the difference between
the input clock signal and the feedback clock signal 1s based
on a phase alignment error between the input clock signal and
the feedback clock signal.

58. The circuit of claim 57, wherein the detection circuit
asserts the enable signal responsive to the phase alignment
error exceeding a predetermined amount.

59. The circuit of claim 56, wherein the detection circuit
COmprises:

a first phase detector having a first threshold and being
configured to compare the mput clock signal and the
feedback clock signal and generate a shift signal respon-
stve to the feedback clock signal being out of phase with
respect to the input clock signal an amount greater than
the first threshold; and

the noise filter coupled to the first phase detector and being
configured to filter the shiit signal to generate the enable
signal.

60. The circuit of claim 59, wherein the detection circuit

turther comprises:

a second phase detector having a second threshold larger
than the first threshold and being configured to compare
the input clock signal and the feedback clock signal and
assert the enable signal responsive to the feedback clock
signal being out of phase with respect to the mput clock
signal an amount greater than the second threshold.

61. An apparatus, comprising.

a delay line configured to delay an input clock signal by a
time interval to generate an output clock signal;

a control circuit coupled to the delay line and configured to
control the time interval to synchronize the input clock
signal with a feedback clock generated from the output
clock signal responsive to assertion of an enable signal;

a detection circuit coupled to the control circuit and con-
figured to detect a phase alignment error between the
input clock signal and the feedback clock signal and
generate a first shift signal vesponsive to the phase align-
ment error exceeding a first predetermined amount, the
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detection circuit further configured to filter the first shift
signal to generate a filtered shift signal, the detection
circuit further configured to generate a second shift sig-
nal responsive to the phase alignment error exceeding a
second predetermined amount and assert the enable

signal based on either of the filteved shift signal and the
second shift signal being asserted.

62. The apparatus of claim 61 wherein the detection circuit
comprises.

a first phase detector configured to compare the input clock 10

signal and the feedback clock signal and provide the first
shift signal vesponsive to the phase alignment error
exceeding the first predetermined amount; and
a second phase detector configured to compare the input
clock signal and the feedback clock signal and provide
the second shift signal responsive to the phase alignment
error exceeding the second predetermined amount.
63. The apparatus of claim 62 wherein the first predeter-
mined amount is different than the second predetermined
amount.
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