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CIRCUIT FOR ELIMINATING METASTABLE
EVENTS ASSOCIATED WITH A DATA SIGNAL
ASYNCHRONOUS TO A CLOCK SIGNAL

TECHNICAL FIELD OF THE INVENTION

This invention relates to asynchronous data in syn-
chronous networks, and more particularly to a circuit
for eliminating metastable events arising from a clock
signal asynchronous to a data signal.

BACKGROUND OF THE INVENTION

In digital logic circuitry, all clocked elements have a
minimum specified setup time which defines the re-
quired time period which must pass between receipt of
data and receipt of a clock signal. The specified setup
time varies for different digital devices. Where the data
signal is asynchronous to the clock signal, the setup time
will usually be violated. If the setup time is violated,
then the recipient chip may produce a metastable (ie.,
invalid) result. This metastable result can further propa-
gate through the network containing the recipient chip,
thereby creating invalid data therethrough.

Under one current solution, the asynchronous data
signal is routed through a series of two flip-flops in
order to reduce the probability of violation of the setup
time. However, this configuration requires an additional
two clock periods to move the data through the flip-
flops and to the recipient clocked device. Further, there
still exists some probability that the setup time will be
violated thereby giving rise to a metastable result.

Therefore, a need has arisen for a circuit to eliminate
metastable events arising from a data signal asynchro-
nous to a clock signal.

SUMMARY OF THE INVENTION

In accordance with the present invention, a circuit
for eliminating metastable results is provided which
substantially eliminates or reduces disadvantages and
problems associated with prior asynchronous clock and
data signals.

A circuit for eliminating the metastable events pro-
duced by a data signal asynchronous to a clock signal is
provided which includes a disabling circuit which dis-
ables the system clock signal for a predetermined time
period following detection of a transition of the data
signal. The system clock is reenabled following comple-
tion of the predetermined time period. An edge detect-
ing circuit is also provided to detect the transition of the
data signal in order to trigger the disabling circuit. A
duration circuit may be used to limit the high period of
the system clock. Another aspect of the present inven-
tion includes a delay circuit to inhibit the data signal for
a minimal delay time prior to transfer of the signal to the
clocked device.

The present invention provides the technical advan-
tage of eliminating metastable outputs associated with
clock signals asynchronous to data signals. Another
technical advantage of the present invention is minimi-
zation of the propagation delay between the time the
system clock is reenabled and the occurrence of an
output by the clocked device.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention, reference is now made to the following
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drawings taken in conjunction with the following de-
scriptions, in which:

FIG. 1 illustrates a circuit diagram of clocked device
having a data and clock input, and an output dependent
therefrom;

FIG. 2 illustrates a timing diagram of a data signal
asynchronous to a system clock;

FIG. 3q illustrates a block diagram of the present
invention;

FIG. 3b illustrates a timing diagram produced by the
block diagram of FIG. 3a;

FIG. 4a illustrates a block diagram of the preferred
embodiment of the present invention;

FIG. 4b illustrates a timing diagram produced by the
block diagram of FIG. 44, and

FIG. 5 illustrates a circuit diagram of the preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The preferred embodiment of the present invention is
best understood by referring to FIGS. 1-5 of the draw-
ings, like numerals being used for like and correspond-
ing parts of the various drawings.

FIG. 1 illustrates a typical clocked device 10 as used
with the present invention. Device 10 has a data line 12
and a clock line 14 connected thereto. An output line 16
is further provided with device 10. In operation of de-
vice 10, data is input on data line 12 in accordance with
a subsequent clock signal provided along clock line 14.
For all clocked devices, there exists a minimum setup
time associated with the device. In order for a valid
output to occur after data appears at data line 12, a time
greater than or equal to the minimum setup time must
pass between receiving a valid data signal on data line
12 and receiving the clock signal on clock line 14. If the
setup time is violated, then a metastable (i.e., invalid)
output may result.

FIG. 2 illustrates a timing diagram of the relationship
between a data signal 18 which is asynchronous (i.e.,
has no phase relationship) to a system clock signal 20.
Data signal 18 has a high transition 22 or a low transi-
tion 24 at time t;. System clock signal 20 is asynchro-
nous to data signal 18 and therefore has an active edge
26 at a time t; which has no predictable relationship to
time t;. It is to be understood that active edge may be
either a high or low transition. A time t3 is defined for
data signal 18 in relation to time t;. The difference in
time between t3 and t; represents the necessary setup
time (ts) for a clocked device 10. This setup time isa
device specification which varies among different
clocked devices.

In FIG. 2, active edge 26 of system clock signal 20 is
shown to occur during the setup time ts, associated with
data signal 18. When this occurs, the output signal along
output line 16 may be metastable or invalid. In other
words, where the system clock signal 20 violates the
setup time associated with data signal 18, a metastable
event occurs creating an erroneous signal from clocked
device 10 which may further propagate to any circuitry
connected thereto.

" FIG. 3a illustrates a block diagram of the present
invention. The data signal is received on the input 30 of
an edge detector 32 and the input 34 of clocked device
36. It is to be noted that clocked device 36 may be any
clocked circuit, including one formed among other
devices on an integrated circuit. An output 38 of edge
detector 32 is a control signal connected to the input 40
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of a clock disable/reenable circuit 42. The system clock
signal is received on the input 44 of clock disable/reena-
ble circuit 42. The output 46 of disable/reenable circuit
42 is connected to the clock input 48 of clocked device
36.

A circuit of FIG. 3a acts to prevent a metastable
event from occurring. It is again noted that a metastable
result will occur when the system clock has a transition
on its active edge during the setup time following a data
transition. The present invention prevents the metasta-
ble event from occurring by disabling the system clock
from the clocked device during the setup period which
occurs following transition of the data signal. The sys-
tem clock is then reenabled following the completion of
the setup period.

FIG. 3b illustrates a timing diagram resulting from
operation of a circuit constructed according to the
block diagram of FIG. 3a. A data signal 50 has either a
high transition 52 or low transition 54 occurring at time
t;. The clocked device 36 has a setup time tg, associated
therewith which must pass after the data transition time
ty. If clocked device 36 receives a clock signal within
the setup time, then a metastable event may occur. The
system clock 56 has an active edge 58 which occurs at
an arbitrary time t. In the situation depicted in FIG. 35,
active edge 58 has occurred during the setup time tg
associated with data signal 50, and therefore, a metasta-
ble event may occur without the addition of the present
invention. However, the clock disable/reenable circuit
42 prevents the metastable event from occurring, by
generating disable/reenable clock signal 60 which is
directed to clock input 48 of clocked device 36. Thus,
system clock 56 is modified by clock disable/reenable
circuit 42 prior to reaching clocked device 36.

The operation of the block diagram of FIG. 3a in
accordance with the signals shown in FIG. 3b is as
follows. When a data signal transition 52 or 54 occurs,
edge detector 32 detects this transition and controls the
clock disable/reenable circuit 42 to disable system clock
56 from clocked device 36. This disabling feature is
effected by disabling disable/reenable clock signal 60
which is coupled to clocked device 36. In FIG. 35, it is
shown that detection of transition 52 or 54 occurs at a
time t). Thereafter, disable/reenable circuit 42 will dis-
.. able the clock signal sent to clocked device 36 until the
setup time tg, has elapsed at a time t3. Once this setup
time has passed, disable/reenable circuit 42 will reena-
ble clock signal 60 to clocked device 36 at time t3. Once
clock signal 60 is reenabled, it will track system clock
56. Therefore, if system clock 56 is high at time t3, then

the reenabled clock signal 60 will also go high, creating’

an active edge 62 at time t3. Further, once system clock
56 incurs a low transition 64, the reenabled clock signal
60 will track low transition 64, thereby creating a low
transition 66 in the reenabled signal 60. Thus, from
FIGS. 3a and 3, it may be appreciated that clock input
48 of clocked device 36 will receive a disabled/reena-
bled signal 60 which cannot incur a high transition
during the setup time associated with data signal 50. As
a result, any possibility of a metastable event is elimi-
nated.

While the construction depicted in FIGS. 3¢ and 3b
forms a circuit to eliminate metastable events, it has
been found that this construction requires further modi-
fication in order to provide optimum functional opera-
tion. From FIG. 3b, it may be appreciated that the
circuit of FIG. 3ag may effectively shift the clock signal
received by clocked device 36 from a time t; to a time
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t3. Without the circuit of FIG. 3a, clocked device 36
would have received active edge 58 at time t3. How-
ever, the addition of the FIG. 3a circuit results in
clocked device 36 receiving an active edge 62 at time t3.
Therefore, while the metastable event has been
avoided, there has been a shift of time (i.e., t3—t2) of the
clock signal sent to clocked device 36.

Quite often the design of a digital network will in-
clude considerations of a parameter known as clock-to-
Q. Clock-to-Q time is a specified parameter for any
clocked device which defines the time which must pass
after the device is clocked before the output thereof will
be valid. Thus, in designing a digital circuit, the de-
signer must be able to ascertain when the clock signal
occurs in order to allow for the clock-to-Q time to pass
thereafter. For example, in FIG. 3b, the designer antici-
pating the clock-to-Q time will measure that time from
t7, the active edge 58 of the system clock signal 56.
However, the circuit of FIG. 3g will effectively shift
the active edge time to t3. Accordingly, the clock-to-Q
time will begin at t3rather than t). Thus, the completion
of the clock-to-Q time will be delayed by tp, that is, the
additional time between t3 and t3. It is therefore another
aspect of the present invention to provide a duration
circuit which will minimize the additional time tp be-
tween t; and t3 which adds to the clock-to-Q of the
clocked device.

FIG. 4q illustrates a block diagram similar to FIG. 3a
but having a duration circuit 68 and a delay circuit 70
added thereto. The data signal is connected to the input
72 of delay circuit 70. The output 74 of delay circuit 70
is connected to input 34 of clocked device 36. The sys-
tem clock is connected to the input 76 of duration limit
circuit 68. An output 78 of duration limit circuit 68 is
connected to input 44 of clock disable/reenable circuit
42.

FIG. 4b illustrates a timing diagram depicting addi-
tional benefits created by duration limit circuit 68. A
data signal 80 may have either a high transition 82 or
low transition 84 occurring at time t;. Data signal 80 has
a setup time ts, which commences at time t; and will be
specified for the clocked device receiving data signal
80. A system clock signal 86 will have an active edge 88
at time t3 which is asynchronous to data signal 80 and
correspondingly, to time t;. System clock signal 86 will
further have a low transition 90. Limited duration signal
92 is the signal which will be produced at output 78 of
duration limit circuit 68. Limited duration signal 92 will
have an active edge 94 at time tz and a low transition 96
at time t3. The difference between times t3 and t; repre-
sent the limited time t; that duration limit circuit 68
permits signal 92 to remain active. Disable/reenable
signal 98 will be generated at output 46 of clock disa-
ble/reenable circuit 42.

The signals illustrated in FIG. 4b are generated in
accordance with the same principles discussed with
reference to FIG. 3b. However, clock disable/reenable
circuit 42 receives system clock signal 86 after modifica-
tion by duration limit circuit 68. Further, data sent to
clocked device 36 is delayed by delay circuit 70. Al-
though active edge 88 of system clock signal 86 occurs
within setup time t,,, the clock signal to clocked device
36 is disabled during that time and thus, no clock signal
will appear at clock input 48 of clocked device 36 at
time t;. As previously illustrated in reference to FIGS.
3a-3b, the disable/reenable clock signal 60 tracked the
system clock signal 56 applied at input 44 of clock disa-
ble/reenable circuit 42. However, in reference to FIGS.

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




