Flexible, Fast &

Unlimited Power

s ioapirnd and Proven

0
E I ‘Ti MY CART " SUBSCRIBE LOGIN/REGISTER

HOME NEWS v PERSPECTIVES DESIGNLINES ¥ PODCASTS ¥ EDUCATION ¥ SUPPLY CHAIN SPECIAL REPORTS V¥ EVENTS Q

DESIGNLINES

Understanding Clock Domain or
Crossing (CDC) Checks and

high-volta nment

Techniques

By Saurabh Verma, Ashima S. Dabare, Atrenta 12.24.2007 [] 3
f Share on Facebook | 3 Share on Twitter m

=} Share Pe

CHIP & SYSTEM DESIGN g - S
IN THE AGE OF VR EVENT REGISTER NOW |

INFERENCE AT scaLe | DECEMBER 10-11 ——

w
[
o
o
z
w
o
w
<

............................. subscribe Today!
SoCs are becoming more complex these days. A lot of functionality is being added to chips and data is L
Get the latest electronics industry news

frequently transferred from one clock domain to another. Hence, clock domain crossing verification has delivered right to your inbox.

become one of the major verification challenges in deep submicron designs. sign up for our free eNewsletters.
What is clock domain crossing? A clock domain crossing occurs whenever data is transferred from a flop
driven by one clock to a flop driven by another clock.
A B
—» D Q > D Q —»
FA FB
PODCAST
1 > > -
2
1. Clock domain crossing.
PARTNER CONTENT VIEW ALL %

Citadel Securities LLC, Exhibit 1023, Page 1 of 17

Page 1 of 17


https://www.eetimes.com/understanding-clock-domain-crossing-issues/
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In Figure 1, signal A is launched by the C1 clock domain and needs to be captured properly by the C2
clock domain. Depending on the relationship between the two clocks, there could be different types of
problems in transferring data from the source clock to the destination clock. Along with that, the
solutions to those problems can also be different.

Traditional methods like simulation and static timing analysis alone are not sufficient to verify that the
data is transferred consistently and reliably across clock domains. Hence, new verification methodologies
are required, but before devising a new methodology it is important to understand the issues related to
clock domain crossings properly. Different types of clock domain crossings are discussed here along with
the possible issues encountered in each one of them and their solutions. A new verification methodology
is then proposed which will ensure that data is transferred correctly across clock domains.

In all the subsequent sections, the signal names shown in Figure I are directly used. For example, C1 and
C2 imply the source and destination clocks respectively. Similarly A and B are used as source and
destination flop outputs respectively. Also, the source and destination flops are assumed to be positive
edge triggered.

CLOCK DOMAIN CROSSING ISSUES

This section describes three main issues which can possibly occur whenever there is a clock domain
crossing. The solutions for those issues are also described.

1. Metastability

Problem. If the transition on signal A happens very close to the active edge of clock C2, it could lead to
setup or hold violation at the destination flop “FB”. As a result, the output signal B may oscillate for an
indefinite amount of time. Thus the output is unstable and may or may not settle down to some stable

value before the next clock edge of C2 arrives. This phenomenon is known as metastability and the flop
“FB” is said to have entered a metastable state.

Metastability in turn can have the following consequences from a design perspective:

1. If the unstable data is fed to several other places in the design. it may lead to a high current flow and even chip
burnout in the worst case.

2. Different fan-out cones may read different values of the signal, and may cause the design to enter into an
unknown functional state, leading to functional issues in the design.

3. The destination domain output may settle down to the new value or may return to the old value. However, the

propagation delay could be high leading to timing issues.
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1. If the unstable data is fed to several other places in the design. it may lead to a high current flow and even chip

burnout in the worst case.

J

2. Different fan-out cones may read different values of the signal, and may cause the design to enter into an
unknown functional state, leading to functional issues in the design.
3. The destination domain output may settle down to the new value or may return to the old value. However, the

propagation delay could be high leading to timing issues.

For example, see Figure 2. If the input signal A transitions very close to the posedge of clock C2, the
output of the destination flop can be metastable. As a result it can be unstable and may finally settle to 1
or 0 as depicted by signals B1 and B2.
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Output Is unstable and can lead to:
1. High current flow
2. Different values on different fan-out cones

2. Metastability has consequences.

Solution. Metastability problems can be avoided by adding special structures known as synchronizers in
the destination domain. The synchronizers allow sufficient time for the oscillations to settle down and
ensure that a stable output is obtained in the destination domain. A commonly used synchronizer is a
multi-flop synchronizer as shown in Figure 5.
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Multi-Flop Synchronizer

3. Multi-flop synchrenization.

This structure is mainly used for single and multi-bit control signals and single bit data signals in the
design. Other types of synchronization schemes are required for multi-bit data signals such as MUX
recirculation, handshake, and FIFO.

2. Data Loss

Problem. Whenever a new source data is generated, it may not be captured by the destination domain in
the very first cycle of the destination clock because of metastability. As long as each transition on the
source signal is captured in the destination domain, data is not lost. In order to ensure this, the source
data should remain stable for some minimum time, so that the setup and hold time requirements are met
with respect to at least one active edge of destination clock.

If the active clock edges of C1 and C2 arrive close together, the first clock edge of C2, which comes after
the transition on source data A, is not able to capture it. The data finally gets captured by the second edge
of clock C2 (Figure 4).

However, if there is sufficient time between the transition on data A and the active edge of clock C2, the
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with respect to at least one active edge of destination clock.

If the active clock edges of C1 and C2 arrive close together, the first clock edge of C2, which comes after
the transition on source data A, is not able to capture it. The data finally gets captured by the second edge

of clock C2 (Figure 4).

However, if there is sufficient time between the transition on data A and the active edge of clock C2, the
data is captured in the destination domain in the first cycle of C2.

Clock edges are very close

Clock edges are not so close

Data capture in 2" destination Data capture in 15t destination
clock cycle clock eycle

4. Effect of metastability on data capture.

Hence, there may not be a cycle by cycle correspondence between the source and destination domain
data. Whatever the case, it is important that each transition on the source data should get captured in the
destination domain.

For example: Assume that the source clock C1 is twice as fast as the destination clock C2 and there is no
phase difference between the two clocks. Further assume that the input data sequence “A” generated on
the positive edge of clock C1 is “00110011”. The data B captured on the positive edge of clock C2 will be
“0101". Here, since all the transitions on signal A are captured by B, the data is not lost. This is depicted
in Figure 5.

5. No data is lost in this case.

However, if the input sequence is “001011117, then the output in the destination domain will be “0011".
Here the third data value in the input sequence which is “1” is lost as shown in Figure 6.

—

B m—

}
Data Bit Lost

6. Data is lost in this case.

Solution. In order to prevent data loss, the data should be held constant in the source domain long
enough to be properly captured in the destination domain. In other words, after every transition on
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6. Data is lost in this case.

Solution. In order to prevent data loss, the data should be held constant in the source domain long
enough to be properly captured in the destination domain. In other words, after every transition on
source data, at least one destination clock edge should arrive where there is no setup or hold violation so
that the source data is captured properly in the destination domain. There are several techniques to
ensure this.

For example, a finite state machine (FSM) can be used to generate source data at a rate, such that it is
stable for at least 1 complete cycle of the destination clock. This can be generally useful for synchronous
clocks when their frequencies are known. For asynchronous clock domain crossings, techniques like
handshake and FIFO are more suitable.

3. Data Incoherency

Problem. As seen in the previous section whenever new data is generated in the source clock domain, it
may take 1 or more destination clock cycles to capture it, depending on the arrival time of active clock
edges. Consider a case where multiple signals are being transferred from one clock domain to another and
each signal is synchronized separately using a multi-flop synchronizer. If all the signals are changing
simultaneously and the source and destination clock edges arrive close together, some of the signals may
get captured in the destination domain in the first clock cycle while some others may be captured in the
second clock cycle by virtue of metastability. This may result in an invalid combination of values on the
signals at the destination side. Data coherency is said to have been lost in such a case.

If these signals are together controlling some function of the design, then this invalid state may lead to
functional errors.

For example: Assume that “00” and “11” are two valid values for a signal X[0:1] generated by clock C1. As

shown in Figure 7, initially there is a transition from 1->0 on both the bits of X. Both the transitions get
captured by clock C2 in the first cycle itself. Hence the signal Y[0:1] becomes “00”.

C1 and €2 arrive close to each other

c1_1|||![\

Invalld data

--7N

Y{o]

1
1
Y[1] \

\///

Valid data

7. Data coherency is lost in this case.

Next, there is a transition from 0->1 on both the bits of signal X. Here the rising edge of clock C2 comes
close to the transition on signal X. While the transition on X[0] is captured in the first clock cycle, the
transition on X[1] gets captured in second clock cycle of C2. This results in an intermediate value of “10”
on Y[0:1] which is an invalid state. Data coherency is lost in this case.

Solution. In the above example, the problem results because all the bits are not changing to a new state in
the same cycle of destination clock. If all the bits either retain their original value or change to the new
value in the same cycle, then the design either remains in the original state or goes to a correct new state.
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transition on X[1] gets captured in second clock cycle of C2. This results in an intermediate value of “10”
on Y[0:1] which is an invalid state. Data coherency is lost in this case.

Solution. In the above example, the problem results because all the bits are not changing to a new state in
the same cycle of destination clock. If all the bits either retain their original value or change to the new
value in the same cycle, then the design either remains in the original state or goes to a correct new state.

Now, if the circuit is designed in such a way that while changing the design from one state to another,
only one bit change is required, then either that bit would change to a new value or would retain the
original value. Since all the other bits have the same value in both the states, the complete bus will either
change to the new value or retain the original value in this case.

This in turn implies that if the bus is Gray-encoded, the problem would get resolved and an invalid state
would never be obtained.

However, this is applicable only for control busses as it may not be possible to Gray-encode the data
busses. In such cases, other techniques like handshake, FIFO and MUX recirculation can be used to
generate a common control logic to transfer data correctly.

The MUX recirculation technique is shown in Figure 8.
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8. MUX recirculation technigue.
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Here, a control signal EN, generated in the source domain is synchronized in the destination domain
using a multi-flop synchronizer. The synchronized control signal EN_Sync drives the select pin of the
muxes, thereby controlling the data transfer for all bits of the bus A. In this way, individual bits of the bus
are not synchronized separately, and hence there is no data incoherency. However, it is important to
ensure that when the control signal is active, the source domain data A[0:1] should be held constant.

SYNCHRONOUS CLOCK DOMAIN CROSSINGS

This section describes various types of synchronous clock domain crossings. Clocks which have a known
phase and frequency relationship between them are known as synchronous clocks. These are essentially
the clocks originating from the same clock-root. A clock crossing between such clocks is known as a
synchronous clock domain crossing. It can be divided into several categories based on the phase and
frequency relationship of the source and destination clocks as follows:

+ Clocks with the same frequency and zero phase difference

+ Clocks with the same frequency and constant phase difference

+ Clocks with different frequency and variable phase difference
o Integer multiple clocks

« Rational multiple clocks
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+ Clocks with the same frequency and zero phase difference

+ Clocks with the same frequency and constant phase difference

+ Clocks with different frequency and variable phase difference
o Integer multiple clocks

» Rational multiple clocks

All the above sub categories may not be used in real designs but are being considered here for
completeness and better understanding of the subject.

While describing all the above cases, it is assumed that the source clock (C1) and the destination clock
(C2) have the same phase and frequency jitter and are balanced with the same specifications of clock
latency and skew. It is also assumed that the clocks begin with a zero phase difference between them and
the “clock to Q" delay of the flops is 0.

Clocks with the same frequency and zero phase difference

This refers to two identical clocks, as the clocks C1 and C2 have the same frequency and 0 phase
difference. Note, that as the clocks C1 and C2 are identical and generated from the same root clock, the
data transfer from C1 to C2 is essentially not a clock domain crossing. For all practical purposes, this is
the case of a single clock design and is considered here for completeness.

Whenever data is transferred from clock C1 to C2, one complete clock cycle of C1 (or C2) is available for
data capture as shown in Figure 9.

o L

One Clock cycle is available for data capture

9. Clocks with the same frequency and phase.

As long as the combinational logic delay between the source and destination flops is such that the setup
and hold time of the circuit can be met, the data will be transferred correctly. The only requirement here
is that the design should be STA (static timing analysis) clean. In that case, there will be no problem of
metastability, data loss or data incoherency.

Clocks with the same frequency and constant phase difference

These are the clocks having the same time period but a constant phase difference. A typical example is
the use of a clock and its inverted clock. Another example is a clock which is phase shifted from its parent
clock, for example by T/4 where T is the time period of the clocks.

Clocks C1 and C2 have the same frequency but are phase shifted and C1 is leading C2 by 3T/4 time units
(Figure 10).

m
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314 Clock cycle is available for data capture

10. Same frequency, phase shifted clocks.
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10. Same frequency, phase shifted clocks.

Whenever data is transferred from clock C1 to C2, there is more restriction on the combinational logic
delay due to smaller setup/hold margins. If the logic delay at the crossing is such that the setup and hold
time requirements can be met, data will be transferred properly and there will be no metastability. In all
such cases, there is no need for a synchronizer. The only requirement here is that the design should be
STA clean.

Clocks with different frequency and variable phase difference

These are clocks which have a different frequency and a variable phase difference. There can be two sub-
categories here, one where the time period of one clock is an integer multiple of the other and a second
where the time period of one clock is a non-integer (rational) multiple of the other. In both cases, the
phase difference between the active edges of clocks is variable. These two cases are described in detail
below.

A.INTEGER MULTIPLE CLOCKS

In this case, the frequency of one clock is an integer multiple of the other and the phase difference
between their active edges is variable. Here the minimum possible phase difference between the active
edges of 2 clocks would always be equal to the time period of the fast clock.

In Figure 11 clock C1 is 3 times faster than clock C2. Assuming T is the time period of clock C1, the time
available for data capture by clock C2 could be T, 2T or 3T depending on which edge of clock C1 the data
is launched. Hence, the worst case delay of any path should meet the setup time with respect to the edge
with a phase difference of T. The worst case hold check would be made with respect to the edge with 0
phase difference.

Data launch peints

=3}

- | [

T —“I Clock edge for Setup check
A— 2T —
—— 21—

T, 2T or 3T fime is available for data
capture depending on data launch peint

Clock edge for Hold check

11. Integer multiple clocks.

In all such cases, one complete cycle of the faster clock is always available for data capture, hence it
should always be possible to meet the setup and hold requirements. As a result there will be no
metastability or data incoherency and a synchronizer is not needed.

However, there can still be a problem of data loss in the case of fast to slow clock crossing. (That is, the
source clock is faster than the destination clock.) In order to prevent this, the source data should be held

constant for at least one cycle of the destination clock. This can be ensured by using some control circuit,

for example, a simple finite state machine (FSM) would work in this case. In the example shown in Figure
11, if the source data is generated once in every 3 cycles of the source clock, there would be no data loss.
For the case of slow to fast crossings, there will anyways be no data loss.

B. RATIONAL MULTIPLE CLOCKS
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constant for at least one cycle of the destination clock. This can be ensured by using some control circuit,
for example, a simple finite state machine (FSM) would work in this case. In the example shown in Figure
11, if the source data is generated once in every 3 cycles of the source clock, there would be no data loss.
For the case of slow to fast crossings, there will anyways be no data loss.

B. RATIONAL MULTIPLE CLOCKS

In this case, the frequency of one clock is a rational or non-integer multiple of the other clock and the
phase difference between the active clock edges is variable.

Unlike the situation where one clock is an integer multiple of the other, here the minimum phase
difference between the two clocks can be very small- small enough to cause metastability. Whether or not
a metastability problem will occur depends on the value of the rational multiple, and the design
technology. Three different cases are being considered here with the help of examples.

In the first case, there is a sufficient phase difference between the active edges of the source and
destination clocks such that there will be no metastability.

In the second case, the active clock edges of the two clocks can come very close together, close enough to
cause metastability problem. However, in this case the frequency multiple is such that, once the clock
edges come close together, there would be sufficient margin in the next cycle to capture data properly
without any setup or hold violation.

In the third case, the clock edges of the two clocks can be close enough for many consecutive cycles. This
is similar to the behavior of asynchronous clocks except that here the clock-root for both the clocks is the
same and hence the phase difference between the clocks can be calculated.

Note that in all the examples given below, some delay values are used and it is assumed that a phase
margin of less than or equal to 1.5ns between the clock edges can cause metastability. This is just a
placeholder value and in real designs, it would be a function of many things including technology used,
flop characteristics, etc.

Example 1
This is the case when the active clock edges of both the clocks will never come very close together, and in
all cases there would be a sufficient margin to meet the setup and hold requirements of the circuit.

Consider a clock C from which 2 clocks C1 and C2 are derived with a frequency of divide-by-3 and divide-
by-2 respectively with respect to clock C. Here clock C1 is 1.5 times slower than clock C2. As shown in
Figure 12, the time period of clock C1 is 15ns and of C2 is 10ns. The least possible phase difference
between the two clock edges is 2.5ns which should be sufficient to meet setup and hold time
requirements.

225

c1 I | I I
125
c2 I I | ! l | | |
_.,: I‘_
Minimum phase difference = 2.5ns

12. Clock edges never come very close together.

However, additional combinational logic should not be added at the crossing due to the very small
setup/hold margins. If there is any logic, its delay should meet the setup and hold time requirements. If
this condition can be met, there will be no metastability and no synchronizer would be required.

Further, if the crossing is a slow to fast crossing, there will be no data loss. However, in case of a fast to
slow clock crossing, there can be data loss. In order to prevent this, the source data needs to be held
constant for at least one cycle of the destination clock so that at least one active edge of the destination
clock arrives between two consecutive transitions on the source data.
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this condition can be met, there will be no metastability and no synchronizer would be required.

Further, if the crossing is a slow to fast crossing, there will be no data loss. However, in case of a fast to
slow clock crossing, there can be data loss. In order to prevent this, the source data needs to be held
constant for at least one cycle of the destination clock so that at least one active edge of the destination
clock arrives between two consecutive transitions on the source data.

Example 2

In this case, the active clock edges of both the clocks can come very close together intermittently. In
other words, the clock edges come close together once and then there would be sufficient margin between
the edges for the next few cycles (to capture data properly) before they come close again. Here the word
“close” implies close enough to cause metastability.

In Figure 13, clocks C1 and C2 have time periods 10ns and 7ns respectively. Notice, that the minimum
phase difference between the two clocks is 0.5ns, which is very small. So, there are chances of
metastability and a synchronizer would be required.

Due to metastability, the data may not be captured in the destination domain when the clock edges are
very close together. However, in this case, note that once the clock edges come very close together, in the
next cycle there is a sufficient margin so that the data can be captured properly by the destination clock.
This is shown by signal B2 in Figure 15. While the expected output would be B1, the actual waveform
could look like B2, but still there is no data loss in this case. However there can be an issue of data
incoherency as described previously.

Clock edges close together
Minimum phase difference = 0.3ns

Data capture in 2" cycle

Data capture in 1% cycle/ \

Data miss due to metastability

13. Clock edges come close together intermittently.

For a fast to slow crossing, data loss can occur, and in order to prevent this, the source data should be held
constant for a minimum of one destination clock cycle. Again, this can be done by the use of a simple
FSM.

Example 3

This is the case when the phase difference between the clocks can be very small at times and can remain
like that for several cycles. This is very similar to asynchronous clocks except that the variable phase
differences will be known and will repeat periodically.

In Figure 14, clocks C1 and C2 have time periods 10ns and 9ns respectively. It can be seen that the active
clock edges of both the clocks come very close together for 4 consecutive cycles. In the first two cycles
there is a possibility of a setup violation (as the source clock is leading the destination clock) and in the
next two cycles there is a possibility of hold violation (as the destination clock is leading the source
clock).

Clock edges are close together
for consecutive cycles
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next two cycles there is a possibility of hold violation (as the destination clock is leading the source
clock).

Clock edges are close together
for consecutive cycles

o MU
: il
WY oo U o U o U O

Data I‘I‘Is‘ du_e New data capture
to setup violation  gye to hold violation

14. Clock edges are close for consecutive cycles.

Click here for a larger version

In this case, there will be an issue of metastability and hence synchronization needs to be done.

Apart from metastability there can be an issue of data loss also, even though it is a slow to fast clock
domain crossing. As can be seen from Figure 14, B1 is the expected output if there would have been no
metastability. However, the actual output can be B2. Here the data value ‘1’ is lost, because in the first
cycle the value ‘1’ is not captured due to setup violation and in the second cycle the new value ‘0’ is
incorrectly captured due to hold violation.

In order to prevent data loss, the data needs to be held constant for a minimum of two cycles of the
destination clock. This is applicable for both fast to slow as well as slow to fast clock domain crossings.
This can be done by controlling the source data generation using a simple FSM. However, the data
incoherency issue can still be there.

In such cases, standard techniques like handshake and FIFO are more useful to control data transfer as
they will also take care of the data incoherency issue.

ASYNCHRONOUS CLOCK DOMAIN CROSSINGS

Clocks which do not have a known phase or frequency relationship between them are known as
asynchronous clocks. Whenever there is a clock crossing between two asynchronous clocks, their active
edges can arrive very close together leading to metastability. Here the phase difference between the
clocks can be variable and unlike synchronous clocks it is unpredictable.

Proper synchronization needs to be done in the destination domain to prevent metastability. Apart from
that, there can be problems of data loss and data incoherency (in both fast to slow as well as slow to fast
clock crossings). If the source and destination clock frequencies are known, data loss can be prevented by
holding the source data constant for two cycles of the destination clock. However, if the circuit is to be
designed to be independent of clock frequencies, handshake or FIFO techniques should be used to
prevent metastability, data loss and data incoherency.

VERIFICATION METHODOLOGY

This section describes a methodology which will ensure that the circuit has been designed properly to
handle the clock domain crossing issues.

The validation activity can be divided into two categories, namely structural and functional. Structural
validation ensures that appropriate synchronization logic has been added wherever it is required and
functional validation ensures that the logic which has been added is actually performing the intended
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This section describes a methodology which will ensure that the circuit has been designed properly to
handle the clock domain crossing issues.

The validation activity can be divided into two categories, namely structural and functional. Structural
validation ensures that appropriate synchronization logic has been added wherever it is required and
functional validation ensures that the logic which has been added is actually performing the intended
function.

A number of CDC problems can be detected just by performing structural validation. These checks are
simpler and much faster than the functional validation. Moreover, if there are structural issues, most of
the functional validation would have no relevance anyway. Hence, verification should begin with the
structural checks and the problems detected there should be corrected before moving on to functional
validation.

Rule-based checking is a very efficient way to perform structural validation.
Assertion-based verification techniques can be used to perform functional validation. Assertions can be

inferred automatically in the design using some EDA tools, or they can be inserted in the RTL using any of

the standard assertion languages like OVL, PSL and SVA. These languages are supported by many EDA
vendors.

These assertions can either be simulated in the functional simulation environment or can be verified
using formal verification techniques. Both these techniques have their own advantages and
disadvantages.

The simulation results are dependent on the quality of test vectors used. A problem may go undetected if

the vectors applied cannot stimulate it, and it is very difficult to determine the right set of test vectors
which will give good coverage.

As compared to simulation, formal techniques give a much better coverage and there is no need to
provide any test vectors. However, formal techniques have some performance issues because of state
space explosion which is a well known problem in formal analysis (see reference 4). So, these checks are
not suitable for full chip analysis but they work reasonably well at the block level.

A step-by-step approach for verifying clock domain crossings is described here.

Step 1

Check for the presence of valid synchronizers in:

All asynchronous clock domain crossings, and,

Those cases of synchronous clock domain crossings where there can be metastability as described in the
section on rational multiple clocks.

A multi-flop synchronizer is sufficient to ensure that there will be no metastability. However, there can
still be a problem of data incoherency. So, it is advisable to check at this stage only, that multi-flop
synchronizers are used only for scalar signals. They can also be used for control busses. They should not
be used for data busses however.

A rule-based checker can be used to automatically detect all clock domain crossings and to check for the
presence of valid synchronizers at all places where they are required.

If there are missing synchronizers, the designer should modify the design to add appropriate
synchronization logic.

Step 2

Check for the presence of separately synchronized signals which are converging. These are probable
candidates for data incoherency. These candidates can be identified by doing structural analysis of the
design.

The candidate signals for data incoherency should be verified to be Gray-encoded. This validation can be
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Check for the presence of separately synchronized signals which are converging. These are probable
candidates for data incoherency. These candidates can be identified by doing structural analysis of the

design.
The candidate signals for data incoherency should be verified to be Gray-encoded. This validation can be Unlimited Power
done through assertions. The assertion itself could even be generated by a structural checking tool ” of Technology

whenever it sees signals which are candidates for data incoherency.

Figure 15 shows a control bus clock domain crossing, which is synchronized using a multi-flop

synchronizer but is not Gray-encoded. A waveform trace is generated for the assertion failure. Menta eFPGA Ip
. _ powers efficiency
e | and flexibility
| == 1 across industries

15. Formal verification helps catch gray-encoding failure.

In case the converging signals cannot be Gray-encoded, change the synchronization scheme to one which
uses a common control signal, for example, MUX recirculation, FIFO or handshake. These schemes still

need to be validated for proper functionality as described in Step 4. FEATURED TECHPAPER

Step 3

Once the proper synchronization logic is in place and the Gray-encoding checks have been done, the next calibre Vision Al: A revolution in chip
step is to verify that there is no data loss while transferring data from one clock domain to the other. This level DRC Debug

needs to be checked for the following two cases:
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« Synchronous clock domain crossings i
- = DesignEnhancer

o All fast to slow crossings

o Slow to fast crossings where the clock edges can be close together for continuous cycles ) ) )
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« All asynchronous clock domain crossings Matching

These can be validated by asserting that each source data launch is always captured in the destination ) o
d i Create reliable, power efficient and
omatn. safe home appliance designs with

PSOC™ Control C3 and CoolGaN™

In the case of fast to slow synchronous clock domain crossings, where a synchronizer is not required and Lt
solwtion

for the simple cases of multi-flop synchronization, check that after every transition on the source data an

active edge of the destination clock arrives where there is no setup or hold violation. ) » )
Enabling a critical phase in SoC

. . . . development whitepaper
For other synchronization schemes, some standard functional checks can be done to ensure that there is P pap

no data loss, which are described in Step 4.
Design Playbook: Architecting

Step 4 Advanced Drone Systems

In all cases, where some special synchronization schemes are used, it is necessary to verify that they are

performing the intended function correctly. This is important to ensure that there will be no Innoscience Advances 800 VDC Rack

metastability, data incoherency or data loss problem. Power Architecture with All-GaN
Technology

The required checks are given here for three commonly used schemes:
Ebook: Cadence Chiplets Solutions:

« Handshake synchronization: Check that the request-data and request-acknowledge protocols are working as per . . .
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metastability, data incoherency or data loss problem.

The required checks are given here for three commonly used schemes:

« Handshake synchronization: Check that the request-data and request-acknowledge protocols are working as per

the specifications.
+ FIFO synchronization: Check that there is no FIFO overflow or underflow.
+ Mux recirculation: With reference to Figure & , check that while the synchronized control signal EN_Sync is
active, the following two conditions hold:
o Source data A[0:1] is stable, and,

o at least one active edge of destination clock arrives

The methodology described in the above four steps is also depicted in Figure 16.
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16. The flow of the verification methodology.

Click here for a larger version
Summary
Traditional verification methods like simulation and static timing analysis are not sufficient to detect all types of
problems which can occur in clock domain crossings. The problems which can occur depend on the types of clock
domain crossings. Similarly, the solutions to those problems are also different and hence the verification techniques
required are different as well. Some of the basic problems of clock domain crossings have been discussed here. The
solutions to those issues are also discussed and a verification methodology is proposed which will ensure that data is

correctly transferred across clock domains.
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singh32
This is a great article and covers the topic in an efficient way. However, I would like to make a correction

One of the consequences of Metastability is mentioned as:

1. The destination domain output may settle down to the new value or may return to the old value. However, the propagation

delay could be high leading to timing issues.

This is not correct. The flop B output will eventually settle to the correct (A) value. It is only when in the uncertain state
that flops downstream can see different values which causes a design issue. If the flop B output were to finally settle to an
incorrect value (as also show in the waveforms for B1 and B2), then the same could happen at the output of a synchronizer
cell and that would defeat the purpose.

The point I am trying to make is that the syncronizer cell takes away the uncertain period from being seen by the capture
flop and passes the CORRECT/ INTENDED value to the capture flop. If there is a rise transition on A, then flop B output
will also always have a rise transtition and wont ever get a fall transntion.
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naren

In the clock domain crossing issues, uder the data loss section. In the example it is mentioned that there is no data loss
when C1 is transmitting the data of

"00110011". Here receiving Clock domain C2 is double the frequency of C1 so only Half of the data is received. How
there will be no data loss in this case?

Log in to Reply
uditkhanna09

Since the design guarantees that every transition would be transmitted and the relationship between the clocks is known,
the receiving clock domain logic can infer the original pattern from what it receives.

So if the receiver:sender clock ratio 2:1 like in this case, the receiver understands that 0101 actually means 00110011 in the
original domain.

However the technique described is generally used for control signals as opposed to data signals (for example read/write
pointers of a FIFO), and control signals don't have a temporal meaning. A FIFO-pointer value of 7 would mean the same

thing even if it persists for several cycles.
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