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Internet Addendum
Sampling and detecting pulses

An introductory note: the power-on reset

Be aware that, for the sake of clarity, in the circuits shown here, the power-on reset has been
omitted. It is obvious to begin by clearing all flip-flops. In finite state machines (FSMs) that
encode each state by its own flip-flop (one-hot encoding, OHE), the idle state must be preset
and all others cleared. Usually, this is done via the flip-flop’s preset and clear inputs. This is,
however, conventional textbook wisdom that does not always apply when designing for CPLDs
and FPGAs. It is not always expedient to initialize all flip-flops. There are subtleties regarding
effective use of the circuit’s resources, synchronization, and so on. I recommend consulting the
appropriate manuals and application notes (like, for example, [22], [A1], and [A2]). The
references [A1] to [A4] are to be found at the end of this addendum.

Synchronizing narrow pulses

Narrow pulses are to be synchronized with a sampling clock. To do this, pulse memory and
synchronizer flip-flops are combined. The incoming pulse is instantly captured and held in the
pulse memory flip-flop until the next sampling cycle. As soon as the data has been clocked into
the synchronization flip-flop, the pulse memory will be cleared. Figure 1 shows two circuits
with different precedence behavior. If the input pulses occur at sufficiently wide intervals, both
circuits will emit an output pulse one clock cycle wide (Figure 2).

a) Capturing flip-flop
INPUT PRE
CAPTURED
0 D Synchronizer
c D Q PULSE
CLK
® C
b) Capturing flip-flop
CAPTURED
1—D Q
INPUT c Synchronizer
PULSE
—{CLR D Q
CLK c

Figure 1 Synchronizing narrow pulses (1). The circuits differ in their behavior
when the asynchronous input pulse is wider than a clock cycle (a) or when a
new pulse occurs while the synchronizer’s output is still active (b).
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Figure 2 Synchronizing narrow pulses (1). The pulses occur widely apart from
one another. The next pulse must not appear before the synchronizer flip-flop
has become inactive again (as the arrow points to). Then, the circuits of Figure
1a and 1b behave the same way.

If the pulses are wider than suggested in Figure 1 or follow more closely one another, the
circuits will behave differently, as shown in Table 1 and Figures 3 and 4.

Characteristics of the input Figure 1a Figure 1b
pulses
A new pulse occurs when the The output pulse will be extended | This pulse will be ignored
output is still active by a further clock cycle
The pulse is longer than a clock The output pulse will be extended | The width of the output pulse is
cycle by an appropriate number of clock | always one clock cycle

cycles

Table 1 Differences in the behavior of both circuits.
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Figure 3 Synchronizing narrow pulses (2). The next pulse occurs while the
synchronization flip-flop is still active. The level of the input signal takes
precedence. Thus, the circuit of Figure 1a will extend the output pulse by
another clock cycle.

CLK 2 N R N \

INPUT /\
CAPTURED

PULSE

Figure 4 Synchronizing narrow pulses (3). The next pulse occurs while the
synchronization flip-flop is still active. The clear signal takes precedence. Thus,
the circuit of Figure 1b will ignore the second input pulse.
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Metastability analysis

Flip-flops are prone to metastable states if asynchronous preset and clear signals overlap with
the clock edge. The preset signal PRE of the capturing flip-flop in Figure la always takes
precedence over the clock. A metastability problem could only occur if the clock goes active
while the input becomes inactive (Figure 5). Then, the input may win (that is, the flip-flop sees
PRE still as active during the clock edge and hence does not memorize the Low at the D input).
Thus, the output remains asserted (Figure 5a). Alternatively, the clock may win and the output
becomes deasserted (Figure 5b), or there is no winner and the flip-flop goes through a
metastable state (Figure 5c).

CLK

INPUT (PRE)

PULSE a)

b)

e

Ve
c)____\k//””’d—__

e

_ Settling time

>

Figure 5 Metastability problems (1). The coincidence of edges that the arrows
point to may occur in the circuit of Figure 1a. PRE relates to the preset input of
the capturing flip-flop.

In Figure 1b, the clear signal takes precedence over the asynchronous input acting as the flip-
flop’s clock. A metastability problem could only occur if the input goes active while the
synchronizer’s output becomes inactive (Figure 6). A new pulse occurs in the moment the
synchronizer has cleared the preceding pulse memorized by the capturing flip-flop. Therefore,
to understand the problem, we must illustrate the history beginning with the previous pulse.
Thus, Figure 6 is somewhat more elaborate than Figure 5.

If CLR wins, the capturing flip-flop remains deasserted (Figure 6a). If C wins (that is, the
asynchronous pulse input), the capturing flip-flop will switch on again (Figure 6b), causing the
output to remain asserted during the next clock cycle. If there is no winner, the capturing
flip-flop goes through a metastable state (Figure 6c).

In both circuits, one of the signals whose overlapping could cause metastable states is asserted
or deasserted by the synchronizer and hence by a clock edge. Therefore, the settling time always
equals one complete clock cycle. So we can assume that the synchronizer will see a settled input
level when the next clock cycle begins. As a consequence of the metastable state, it could be
Low or High, respectively. Accordingly, the output pulse will end or remain active during the
next clock cycle (Figure 5c¢ and 6¢).

Both circuits will perform well if the width of the input pulses surpasses the flip-flop’s pulse
width data sheet parameter and the gaps between the pulses are wider than a clock period.
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Moreover, the clock cycle provides the settling time to prevent failures caused by metastable
states. So it should be chosen at least as wide as necessary to ensure the specified MTBF. When
not specified, choose a reasonable magnitude, perhaps some centuries. The problem has been
discussed in the preceding article [3].

CLK 2N A N (N G N A
INPUT (C) N\ W\
CAPTURED \

a)
PULSE (CLR) v
CAPTURED /

b)
PULSE

c)
CAPTURED / N —
PULSE /
CAPTURED /
PULSE /

The preceding pulse Settling time

<

Figure 6 Metastability problems (2). The coincidence of edges that the arrows
point to may occur in the circuit of Figure 1b. C and CLR relate to the clock and
clear inputs of the capturing flip-flop.

Synchronize pulses continuously

Figure 7 shows a circuit that avoids the drawback of the circuit shown in Figure 1b, that the
pulse arriving while the PULSE output is asserted will be lost. Therefore, two circuits according
to Figure 1b are employed. The second circuit will take over while the first has memorized a
pulse or is cleared. Two consecutive pulses are signaled by the PULSE output active for two
clock cycles (Figure 8).

Capturing flip-flops

1——D Q
INPUT c 1 Synchronization flip-flops
CLR D Q PULSE
CLK c 2
) > a
3
C D Q
CLR
CLK c 4
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Figure 7 Continuous synchronization with two capturing and synchronizing
circuits working in a teeter-totter operation. The first input pulse is memorized
by flip-flop 1 and synchronized by flip-flop 2. During this clock cycle, flip-flop 1
is reset and cannot capture a second pulse. Instead, the flip-flops 3 and 4 take
over. In the clock cycle that resets flip-flop 3, flip-flop 1 is ready again to
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capture the next pulse, and so on.

The circuit will work properly if no more than two input pulses occur within an interval two
clock cycles wide, even when the second pulse arrives before the capturing-flip-flop 1 is cleared
(Figure 9). The OR gate in front of the capturing flip-flop 3 ensures that a second pulse will
always be caught when the first capturing and synchronizing circuit (consisting of the flip-flops

W. MATTHES

May 2025

1 and 2) is busy, that is, if the first pulse has been captured or is output.

The circuit converts sequences of narrow pulses into an NRZ (Non-Return-to-Zero)
representation. Two consecutive narrow pulses will cause an output pulse two clock cycles
wide. More consecutive pulses will produce an appropriately wider output pulse, as shown in

Figure 10.

Flip-flops

PULSE

Figure 8 Example waveforms explaining the circuit’'s operation. A second input
pulse arrives when the first capturing flip-flop (1) is still cleared by the
synchronization flip-flop (2). The newly arrived pulse will be memorized by flip-

flop (2) and synchronized by flip-flop (3).
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Figure 9 This timing diagram shows two input pulses arriving close together.
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Figure 10 Converting pulses into an NRZ representation. Here, four arriving

pulses cause an output pulse four clock cycles long.

The circuits in Figures 1 and 7 could be implemented by tiny logic or in CPLDs. They are
adequate for asynchronous pulses down to tens of nanoseconds and frequencies up to some
MHz. When the design task is more demanding, I recommend sampling and synchronizing the
pulses by an appropriate high-frequency clock and solving the particular application task of
memorizing, deglichting, and the like by a downstream finite state machine (FSM), as shown in

Figure 11.

INPUT

Synchronizer

>C

Q

SAMPLING CLK

>C

Pulse memory or
preprocessing

FSM

>C

Figure 11 Solving pulse memorizing and preprocessing tasks (like, for
example, glitch detection and debouncing) by synchronous finite state
machines (FSMs). The arriving pulses are sampled and synchronized. Here,
a two-stage synchronizer is shown. The application problem can be solved by
state machine design as taught in the textbooks and supported by hardware
description languages (HDLs) and integrated development systems.

Detecting complete pulses
A complete pulse has two edges. They can be detected by two capturing flip-flops whose
outputs are ANDed together (Figure 12a). To detect a particular kind of pulse (active-High or
active-Low), two flip-flops are connected in series, like a shift register (Figure 12b). It is the
most basic kind of sequence detector.

PULSE
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a) Low-High b) Low-High c) High-Low
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INPUT c INPUT c INPUT
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Figure 12 Detecting complete pulses. The circuit (a) detects both edges
regardless of how they follow each other. The circuits (b) and (c) detect pulses
beginning with a Low-to-High or High-to-Low edge, respectively.

Detecting edges

An edge detector circuit emits a pulse if the input level changes to the opposite (from Low to
High or vice versa). Edges could be detected by connecting the signal to be observed to the
clock inputs of edge-triggered flip-flops, as depicted in Figure 12. Those flip-flops, however,

must be appropriately cleared to arm them again to capture the next edge.

An alternative approach is to delay the signal and compare the delayed level with the current
one (Figures 13 and 14). The limiting parameters are the minimum pulse width t,, in the pulse
train and the minimum pulse width t,;. that the edge detector circuits expect. t,,;; approximately
equals the delay time At. The delay must be shorter than the pulse ( At < t,); otherwise, the

circuit will not work (as clearly visible in Figure 13c).

a
) INPUT A Circuits
B EDGES memorizing or
processing®
At the edges
See Figure 14 *: Counting,
triggering interrupts,
tw generating wide pulses,
b) and the like
A D —
B ————————————————
Low-High ed
ow-High edge (At =ty
High-Low edge B
At =ty

c) A_'tiq

Figure 13 Edge detection by delaying. (a) depicts the principal circuit, (b) how
both edges are detected. The combinational functions of A and B are shown in
Figure 14. (c) illustrates that the circuit will not work when the arriving and the
delayed pulse do not overlap.
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Figure 14 Basic edge-detection circuits.
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The output signals are typically pulses slightly shorter than the delay time At. Because At must
be beyond the minimum width of the input pulses, the output pulses will be conspicuously
narrow. In many application circuits, they must be stretched or memorized.

There are various principles to delay a signal. It can be done by analog or digital components.
When the arriving pulses are particularly narrow (think of micro- or even nanoseconds), it
might be appropriate to implement the edge detection in the asynchronous domain, perhaps by
analog circuits, and provide a fast pulse-capturing or single-shot circuit downstream. In a
synchronous clock domain, the most straightforward digital delay component is the D-type

flip-flop (Figure 15).

a) Synchronizer
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Figure 15 Synchronous edge detection. A D-type flip-flop delays the
synchronous pulses. The edges are signaled by output pulses being a single
clock cycle wide. If wider output pulses are needed, several delaying flip-flops
could be connected in series (that is, as a shift register), provided the pulses of
the input pulse train are wide enough (that is, wider than the delay).
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Pulse stretching and recovery

An alternative approach for dealing with narrow pulses is to stretch them, that is, to make them
wider instead of memorizing them. A toggle flip-flop converts arbitrarily wide and even
extremely narrow pulses to symmetric pulses that retain their level until the next input pulse
arrives. Basically, it is a 2:1 frequency division (Figure 16). Each edge of the 2:1 pulse train
signals an original pulse. Hence, the original pulse train can be reconstructed by detecting both
edges (Figure 17).

a) . .
1—1  ql—21 b Q 2:1
INPUT _
INPUT c U c ak
b)

R e
e ]

Figure 16 Stretching pulses by a 2:1 frequency division. (a) shows a genuine
T flip-flop and a D flip-flop turned into such. As shown in (b), narrow pulses are
converted into symmetrical wide pulses that can be sampled reliably.

a) 2:1 Division Sampling Edge detection

1—T ol

SIGNAL

Sampling clock c ! * A,ﬁ» > | PULSE
5 L D Q 5

C
Edge detection clock : r c
b) SIGNAL / N\
2:1 | o N
PULSE

Figure 17 Reconstruction of the original pulse train by detecting edges. Here,
it is done by a synchronous edge detector (a). Its clock determines the width of
the output pulses. The delay must be shorter than the narrowest pulse.
Therefore, the edge detection clock frequency must be higher than the
sampling clock frequency. To ensure this, the sampling clock could be, for
example, derived from the edge detector’s clock by frequency division. (b)
shows example waveforms. A practical application example is crossing clock
domains. The SIGNAL comes from another clock domain. This pulse train is
injected into the target clock domain, to which the sampling and edge detection
clocks belong.
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Detecting sequences

An occasional task is to detect whether particular signals switch in a specified sequence order.
For example, assume signal lines A, B, C, and so on. Pulses may occur, and we want to
recognize whether they appear in a certain order. The circuit should activate an output signal
when, for example, a sequence A — C — D... occurs, but not with every other sequence. This can
be done by a chain of D-type flip-flops whose clock inputs are connected to the individual
signals according to the sequence to be detected. The last flip-flop in the chain will only become
active if all signals have switched in the stipulated sequence.Figure 18 illustrates the principle
by an example easily to understand. By the way, the circuit is simple but dangerous. As brain
teasers: (1) How can you crack such a lock? (2) How can you detect and prevent cracking?

High UNLOCK
5 a D Q D Q D a——=
C C C C
CLR CLR CLR CLR
PWR ON
OPEN
Debouncing
CORR
¢ | | | |
3 7 5 6

These keys belong to a keypad. The connections are made via jumper wires or the like.

Figure 18 Sequence detection shown by the example of a straightforward
code lock. The UNLOCK signal actuates the door opener. The flip-flops are
cleared during power-on, when the door has been opened, or when the CORR
key is depressed. The number keys are part of a keypad (with the keys 0...9;
arrangement similar to a telephone or calculator). The key signals must be
bounce-free. For the UNLOCK output signal to become active, the number
keys 3, 7, 5, and 6 must be pressed in precisely this order. If the door has been
opened, the OPEN signal activated by a door contact resets the code lock.

Capturing pulses synchronously

CPLDs and FPGAs can operate at extreme clock frequencies. If every pulse, no matter how
narrow, is indispensable and cannot be ignored, the sampling frequency must be high enough.
All asynchronous signals are first synchronized with a sufficiently high clock frequency and
captured or processed using state machines (synchronous preprocessing). CPLDs and FPGAs
can operate with clock frequencies between 50 MHz and much more than 200 MHz. Relying on
our rule of thumb (sampling frequency = four times the pulse repetition frequency of the
narrowest symmetric pulses), we may capture and process pulses that are between 40 ns and 10
ns wide (practically, somewhat less because of the flip-flop’s setup time). What to do with
pulses being still narrower depends on the application. They may, for example, be suppressed
or stretched accordingly by analog filtering or preprocessing.

Basic capturing tasks
Sampling and synchronization are the first stage of capturing. No pulse will escape if we sample
fast enough. The question is how wide the synchronized PULSE output signal should be. The
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width could be, for example, approximately equal to that of the input pulse. For this, the
synchronizer alone suffices, behaving similarly to the circuit of Figure la. If we want a
synchronized pulse only one clock cycle wide, regardless of the input pulse width, we must
connect the synchronizer to a single-shot generator.

Synchronous pulse memories

Synchronous pulse memories are finite state machines (FSMs) that, when a particular signal
level is sampled, enter a state in which they remain until a clear signal becomes active. All
signals we are concerned with here are clock-synchronous. Figures 19 and 20 depict
synchronous pulse memories differing in their precedence behavior.

The most straightforward FSMs have only two states. When the arriving pulses and clearing of
the pulse memory do not overlap, we can get by with an IDLE state, when nothing is to
memorize, and a PULSE state, if the input has become active (Figure 19). When the input pulse
has disappeared, the feedback will cause the PULSE state to be retained until CLEAR becomes
active and disconnects the feedback. Thus, the pulse memory will fall back to its IDLE state.
If, however, CLEAR is asserted while INPUT is active, the latter will take precedence, causing
the FSM to remain in the PULSE state.

To circumvent this behavior, the pulse memory FSM of Figure 20 will accept a pulse only when
both signals, INPUT and CLEAR, have been inactive together previously. For this, a third state
has been added to wait for the said condition. The IDLE state will only be taken again after the
input pulse and the CLEAR signal have both become inactive. Afterwards, the FSM is armed
again to catch the next arriving pulse.

Q
~—

INPUT

CLEAR V INPUT
CLEAR V INPUT

CLEAR « INPUT
b)
CLEAR
INPUT
5 o PULSE
CLK c
¢ weur _/ \ / \_
PULSE / \ /
CLEAR / \
d
) eut /
PULSE /
CLEAR / \

Figure 19 This synchronous pulse memory detects the signal level. The pulse
input takes precedence over CLEAR. a) state diagram; b) circuit example. ¢) A
short pulse is memorized and then cleared. d) If the pulse input is permanently
active, CLEAR does not affect the PULSE state. An illustrative application
example is the capturing of an error signal. If PULSE diminishes after asserting
CLEAR, itis a transient error; if not, it is a permanent fault.
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CLEAR
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Figure 20 This synchronous pulse memory detects the pulse’s Low-to-High
edge. Here, CLEAR takes precedence over the pulse input. After the CLEAR
signal has been deasserted, the circuit will wait until the pulse input becomes
inactive (Low) too. a) state diagram; b) circuit example. The state encoding is
one-hot enable (OHE). On power-on, IDLE must be set; PULSE and WAIT
cleared.

Example single-shot generators

When an input pulse arrives, the single-shot generator emits an output pulse one clock cycle
wide. Single-shot pulse generators could be dubbed digital monostable multivibrators, too. They
can be designed as finite state machines(FSMs), their behavior described by state transition
diagrams. Appropriate state machines must provide for wait states in which they wait for the
input signal to become inactive (Figure 21).

When the input signal is asynchronous, it must first be synchronized. When it could be affected
by glitches or bouncing, it must be debounced, to boot. According to Figure 21a, the FSM will
always go through the wait state, even if the input signal has already become inactive. Figure
21c shows how, in this case, the wait state can be skipped.

b) c)
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CLK

INPUT
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Figure 21 Principles of synchronous single-shot pulse generation. a) state
diagram; b) circuit symbol; c) modification for skipping the WAIT state if the
input signal becomes inactive while still in the PULSE state. Each state
transition requires one clock cycle.
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INPUT

IDLE Q IDLE
D Q
WAIT
CLK c
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D Q PULSE D QF——m——
CLK
= pC
CLK c
INPUT INPUT
PULSE
D Q WAIT D Q WAIT
PULSE
CLK c CLK c

Figure 22 Single-shot pulse generation by OHE-encoded FSMs. On
power-on, IDLE must be set; PULSE and WAIT cleared. a) implements the
state diagram of Figure 21a; b) that of Figure 21c.

Glitches

In some applications, the input pulses must have a certain minimum width. Conspicuously
narrow pulses are seen as spikes, glitches, and other types of noise. Only pulses distinctively
wider are considered acceptable. There are two principal tasks: suppressing the spikes or
glitches (deglitching, debouncing) and filtering them out, for example, to be counted, recorded,
and analyzed.

There are two principal definitions of what constitutes a glitch. According to the
"asynchronous" definition, a glitch is any pulse narrower than a specified (short) time. The
"synchronous" definition relates to a specified clock cycle. A glitch is a complete pulse (more
generally, any waveform showing at least two edges) during a clock cycle. Oscilloscopes see
asynchronous, logic analyzers see synchronous glitches.

Detecting asynchronous glitches in a synchronous enviroment
An entire clock cycle must be monitored to see whether the input signal has at least two edges
in this interval. Figure 23 depicts the problem.
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/What to do when the clock cycle ends:
* Memorize that there was a glitch

+ Clear the capturing flip-flops

« Cock them again

c)

Figure 23 Detecting asynchronous glitches occurring within clock cycles. The
input pulse (a) shows only one edge in each clock cycle. Hence, it is not a
glitch. In contrast, the pulse train (b) carries glitches during two adjacent clock
cycles. The arrow (c) points to the end of a clock cycle and the beginning of
the next. In this moment, the stipulated activities of meorizing, clearing, and
cocking again are to be carried out.

Detecting edges is easy. It could be done by edge-triggered flip-flops. However, the clock
cycles follow one another without any gaps. Figure 23¢ shows what to do at the moment of the
transition from one clock cycle to the next. Because we use the clock inputs of our capturing
flip-flops to detect glitches, synchronous operation is out of the question. What we cannot do is
resort to advanced transistor-level design, like the manufacturers of digital storage oscilloscopes
and logic analyzers. Instead, we can only think of straightforward circuits built by readily
available components. Figure 24 illustrates a solution. Two detection circuits, each consisting
of two pulse memories, are used alternately in successive clock cycles A and B. During clock
cycle A, the lower detection circuit is active, and the upper one is held in reset. During clock
cycle B, the modes of operation are reversed. When changing from one clock cycle to another,
the output signal of the respective detection circuit is transferred to a synchronization flip-flop.
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Figure 24 Seamless glitch detection in a synchronous environment. Two
circuits in teeter-totter operation ensure that no glitch escapes capturing.

A legacy debouncing synchronizer

The circuit in Figure 25 only emits a synchronized pulse if the input pulse is wide enough.
When a narrow pulse does not coincide with a Low-to-High clock edge, nothing happens. If the
pulse and a clock edge meet, the pulse memory flip-flop will be set. If the pulse becomes
inactive again, the pulse memory flip-flop is cleared immediately. A captured pulse is only
synchronized if the pulse memory flip-flop has not been cleared before the next Low-to-High
edge of the clock.

a Pulse memory
INPUT
D Q
Synchronization
flip-flop
¢ PULSE
D QF—m—
L— O CLR
LK
c C
b)
CLK _/j_
INPUT 1 2 3
Pulse memory :
Synchronization \
flip-flop (PULSE)
Clock cycle

Figure 25 This venerable circuit synchronizes only pulses wide enough
(deglitching, debouncing). a) the circuit (according to [A3]); b) an example
waveform diagram.
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The too-narrow pulse (1) does not coincide with a low-to-high edge of the clock. Hence, it will
not be synchronized. The too-narrow pulse (2) is captured but will clear the pulse memory
flip-flop during the current clock cycle. Hence, it will not be synchronized. In contrast, the
pulse (3) is wide enough. It is held in the pulse memory flip-flop until the next Low-to-High
edge of the clock and thus synchronized. If the pulse is slightly wider than one clock cycle, it
may be synchronized or not. To be synchronized, it must remain active until the next
Low-to-High clock edge. If the pulse is somewhat wider than two clock cycles, it will be
reliably synchronized.

The circuit is only usable if it does not matter whether pulses wider than one but narrower than
two clock periods are being synchronized or not. A typical application example is contact
debouncing, where the clock can be generated even by software (we speak of cycles in the
magnitude of some milliseconds here).

The circuit in Figure 25 we have called venerable because of its age. Due to its age, however,
there is also a caveat. Decades-long experience has shown that it works well, for example, with
the SN7474 D-type flip-flop. However, when implemented by up-to-date components, it may
not work faultlessly. It could even be possible that the integrated development environment
(IDE) refuses to synthesize it. The cause is that the INPUT signal acts upon the synchronous D
as well as the asynchronous CLR input of the pulse memory flip-flop.

Synchronous deglitching and glitch detection

The following circuits are based on principles of synchronous operation to suppress or detect
glitches. Essentially, they are finite state machines (FSMs). Hence, their operation can be
described by state transition diagrams.

If the pulse is narrower than a clock cycle, it is considered a spike or glitch; if wider, it is
considered acceptable. Therefore, choose the clock frequency according to the pulse width that
makes the difference between a glitch and an acceptable pulse.

In a completely synchronous circuit, the signals to be evaluated are already synchronized. We
assume a synchronization clock cycle corresponding to the maximum width that is considered
to be a glitch. Then, a glitch corresponds to a one between two zeros or a zero between two
ones. Consequently, acceptable pulses consist of at least two consecutive zeros or ones.

Successive snippets of a pulse train can be sequentially memorized using flip-flops connected
in series. In the simplest case, three clock periods must be considered: the signal level
synchronized in the current cycle and those of the two preceding cycles. To analyze the pulse
patterns that might occur, we set up a truth table that contains all eight possible signal
combinations (Figure 26).
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a) C1,C2 C3|IN|D | Q |PULSE|GLITCH | State b)

ojo|o 0 0 0,0

1 11olo]| o 0 0,0
L [ L _Jo|1]o 0 1 1,0
[ ololo| o 0 00

1 111 1 0 1.1

Output:

| 0] 11 1 0 1.1 Q=0
L1 ]o 1| 1 1 0,1 IN=1
The state is encoded by D, Q
| 1 110 1 0 1.1

t——
\— GLITCH=IN-D-QVIN-D-Q
PULSE=IN-DVIN-QVD-Q
Figure 26 Synchronous glitch filtering and detection (based on [A4]). a) truth
table, b) state diagram of the glitch filter's finite state machine (FSM). The

Boolean equations relate to the glitch filter circuit of Figure 27 and the glitch
detector of Figure 28.

Cl1, C2, and C3 are the three successive clock cycles we want to observe. The truth table
contains all eight possible pulse patterns. We begin at a Low level. Then a High glitch emerges,
becomes visible, and diminishes again. The second half of the table begins at a High level. Then
a Low glitch emerges, becomes visible, and diminishes again.

The FSM’s state is encoded by the flip-flops D and Q. In each clock cycle, the output depends
on the input and the state. The input (IN) comes from the synchronizer. Because it is already
clock-synchronous, we need only two state flip-flops. To suppress glitches, the circuit in Figure
27 will emit a zero if two or more zeros or a one if two or more ones follow each other. It will
not change its output if a single one is interspersed between two zeros or a single zero between
two ones. Precisely these conditions define a glitch. They are detected by the circuit in Figure
28.

Synchronizer

D
INPUT D Q IN D Q

CLK

o

CLK c

PULSE=IN-DVIN-QVD-Q

PULSE

CLK

Figure 27 A glitch filter or de-glitching circuit based on the truth table in Figure
26. It outputs a pulse train free of glitches.
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Synchronizer

INPUT D Q IN D Q D

CLK CLK

CLK c

GLITCH=IN-D-QVIN-D-Q

GLITCH

CLK

Figure 28 A glitch detector circuit based on the truth table in Figure 26. It
outputs pulses representing glitches. Thus, they could be memorized,
highlighted, counted, and the like.

Figure 29 shows a glitch filter consisting of a shift register, a combinational circuit detecting
particular bit patterns, and an output flip-flop. The pulse train is fed into a shift register. The
output flip-flop may change its state only if the shift register contains three ones or zeros, thus
suppressing all other bit patterns mentioned in Figure 26. The shift register’s output is then

memorized in the output flip-flop.

The flip-flop is allowed to

[ change its state only if the
input has not changed for
at least three clock cycles.

DO MUX

D Q D Q D Q D1 D Q

PULSE

] A0
c c c c
CLK T

Figure 29 Another glitch filter or de-glitching circuit shows an obvious,
easy-to-understand principle of operation. It is also obvious that it could be
used to suppress wider glitches by simply making the shift register longer and
the AND gates wider.

A crucial difference between asynchronous and synchronous glitch filtering

Remember that the circuits downstream cannot see how the signal behaves between the
sampling moments. Figure 30 shows a somewhat subtle waveform. Asynchronous and
synchronous circuits will react differently. According to Figure 25 (asynchronous), no pulse
will appear on the output. According to Figure 29 (synchronous), a pulse will be output because
three consecutive clock edges have sampled the same signal level. Therefore, analyze your
application requirements carefully and be wise when selecting an appropriate circuit.
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Figure 30 These waveforms show the difference between asynchronous and
synchronous de-glitching.

Supplementary references:

This addendum refers to the References and Resources of the printed article. The following
additional references concern the reset problems mentioned at the beginning and two legacy
primary sources of some deglitching and glitch-detecting circuits.

[A1] RES-50001: Asynchronous Reset Is Not Synchronized.
https://www.intel.com/content/www/us/en/programmable/quartushelp/current/index.h
tm#da_rules/res 50001.htm

[A2] RES-50002: Asynchronous Reset is Insufficiently Synchronized.
https://www.intel.com/content/www/us/en/programmable/quartushelp/20.1/index.htm
#da rules/res50002.htm

[A3] Tietze, U.; Schenk, Ch.: Halbleiter-Schaltungstechnik. Springer 1991.

[A4] Jakubaitis, E. A.: Asynchronous logical automata (in Russian). Riga 1966.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


