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1
PULSE MONITOR CIRCUIT

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to digital switching
systems and more particularly to a pulse monitor circuit
for use in such switching systems.

(2) Description of the Prior Art

Typical digital pulse monitor circuits require com-
plex logic circuitry and are often unreliable and subject
to race conditions. A recent advancement in the state of
the art was disclosed by H. Ballentine in an article enti-
tled “Clock-Activity Detector Uses One DIP”, Elec-
tronic Design News, Jan. 5,-1980, page 156. However,
this circuit is still relatively complex, and any detected
failure sighalis cleared when the monitored clock signal
reappears. Some implementations of this circuit may
also suffer from insufficient clear pulse widths.

Accordingly, it is the object of the present.invention
to provide a minimum component, highly reliable pulse
monitor circuit, free of any potential race problems and
resettable by an external clear signal or reappearance of
the monitored pulse.

SUMMARY OF THE INVENTION |,

The present invention is a circuit which detects the
occurrence of monitored pulses during time intervals
defined by an external reference signal. This external
reference’ s1gna1 clocks a storage circuit, while a detec-
tion circuit is clocked in response to monitored ‘pulses.
The detection circuit is also reset by the external refer-
ence signal.

The frequency of ‘the reference clock pulses is less
than half the frequency of the monitored clock pulses.
This ratio guarantees that at least one monitored clock
pulse edge occurs for each reference pulse.

If a monitored clock pulse edge occurs durmg the’

reference pulse the detection circuit switches to a set
state. Its output signals are then transferred into the
storage circuit when that circuit is clocked by the trail-
ing edge of the reference pulse. This storage circuit then
provides a clock detected signal.

If the monitored pulse does not appear during the
reference pulse, the detection circuit does not switch
out of the reset state. Its output signals are then trans-
ferred to the storage circuit when that circuit is clocked
by the trailing edge of the reference pulse. The storage
circuit then provides a clock failure signal.

In one mode of operation, the clock failure condition
is latched and the storage circuit thus provides a failure
indication even if the monitored clock pulse signal reap-
pears, Therefore, a failure condition can only be reset
by an external -clear signal. In an alternate mode of
operation the clock failure condition is not latched.
Therefore an’external clear signal is not required since
the failure’ condition will be cleared when the moni-
tored puise reappears. ‘

) DESCRIPTION OF THE DRAWINGS

FIG.1 is alogic diagram of a first embodiment of a
pulse ionitor circuit in accordance with the present
invention;

FIG. 2 is a logic dlagram of a second embodiment of
a pulse monitor circuit in accordance with the present
invention; and :
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FIG. 3 is a logic diagram of a third embodiment of a
pulse monitor circuit in accordance with the present
invention.

DESCRIPTION OF THE PREFERRED
- EMBODIMENT

Referring now to FIG. 1, a first embodiment of the
pulse monitor circuit of the present invention is shown.
The QI output of flip-flop F1is shown connected to the
K2 input.of flip-flop F2. Input J2 is shown connectable
to either the Q1 output of flip-flop F1.or to.ground. The
inputs, J1 and K1, of flip-flop F1 are shown connected
to 5V and ground respectively. The clear input of flip-
flop F1 and a negative edge triggered clock input of
flip-flop F2 are shown connected to an external refer-
ence (REF) pulse source. The negative edge triggered
clock input of flip-flop Ff1 is shown connected to the
monitored clock pulse (CLK) source via AND gate G.
This gate is also shown connected to an external clock
failure (—FAIL CLK) routining control circuit. The
preset input of flip-flop F2 is shown connected to an
external clear signal (—CLR FAIL) control ‘circuit
while the Q2 output of flip-flop F2 provides a clock
failure (—CLK FAIL) signal. Flip-flops F1 and F2
have a zero hold time requirement for data appearing at
the J and K inputs with respect to a negative clock
edge.

The frequency of the REF pulse signal is chosen to be
less than half the.frequency of the monitored CLK
signal. This ratio guarantees that, during normal opera-
tion, at least one negative going CLK pulse edge occurs
during the high time of the REF signal.

To initialize. this circuit a logic level 0 clear signal
(—CLR FAIL) is applied to the preset input of storage
flip-flop F2. This causes flip-flop F2 to clear the failure
detected signal (—CLK FAIL) by applymg a logic
level 1 signal to its Q2 output.

" During normal operatlons, the routining control sig-

nal (—FAIL CLK) is at a logic level 1. Therefore, the
monitored CLK pulse is normally applied by gate G to
the clock input of flip-flop F1. When a negative going
edge of a monitored CLK pulse appears at the clock
input of flip-flop F1 while REF is highi the logic level 1
and 0 51gna1s, at the J1 and K1 inputs, are transferred to
the Q1 -and Q1 outputs, respectlvely, of flip-flop F1.
When the negative going edge of a REF pulse subse-
quently dppears at the clear input of fhp flop F1 it
causes this flip-flop to reset. However, since the REF
pulse simultaneously appears at the clock mput of flip-
flop F2, this flip-flop responds to the signals appearing
at its ‘inputs before flip-flop F1 is reset.

If the J2 input is connected to the Q1 output the logic
level 1 and 0 signals at the QI and Ql outputs appear at
the J2°and K2 inputs respectively. When the negative
going edge of 2 REF pulse subsequently appears at the
clock input of flip-flop F2, these logic level 1 and 0
signals are clocked into flip-flop F2 and a logic level 1

'signal again appears at the Q2 output.

If the J2 input is connected to ground, logic level 0
signals appear at both the J2 and K2 inputs. With this
arrangement, when the negative going edge of a REF
pulse appears at the clock input of flip-flop F2, the logic
level 1 signal at the Q2 output again remains unchanged,

since flip-flop F2 does not switch when logic level:0

signals appear at its J2 and K2 inputs. Thus the absence
of a failure condition is' maintained since the —CLK
FAIL signal remains at a logic level 1 as long as a'nega-
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tive going monitored CLK pulse edge occurs during
the high time of the REF signal.

If the CLK pulse fails, flip-flop F1, after being reset
by the REF pulse, remains reset with logic level 0 and
1 signals on its Q1 and QT outputs respectively.

If the J2 input is connected to the Q1 output these
logic level 0 and 1 signals appear at the J2 and K2 inputs
respectively. When the negative going edge jof a REF
pulse subsequently appears at the clock input of flip-flop
F2, it switches state and a logic level 0 signal appears at
its Q2 output. Thus the failure condition is detected
since the —CLK FAIL signal is at a logic level 0. In this
configuration, the failure condition can be cleared upon
reappearance of a CLK pulse. If a CLK pulse does
reappear logic level 1 and 0 signals appear at the Q1 and
QT outputs respectively. Therefore, these signals also
appear at the J2 and K2 inputs. Consequently, flip-flop
F2 switches out of the failure state and the —CLK
FAIL signal returns to a logic level 1.

If the J2 input is connected to ground, logic level 0
and 1 signals still appear at the Q1 and Q1 outputs when
a CLK pulse fails. However, only the K2 input re-
sponds to a signal from flip-flop F1 since a logic level 0
signal (ground) constantly appears at the J2 input. With
this arrangement, when the negative going edge of a
REF pulse appears at the clock input of flip-flop F2, it
switches state and a logic level O signal appears at its Q2
output. Thus the failure condition is again detected
since the —CLK FAIL signal is again at a logic level 0.
However, in this configuration, the failure condition
can only be cleared by a logic level O external clear
signal —CLR FAIL applied to the preset input of flip-
flop F2. Reappearance of a CLK pulse will not clear the
failure condition. It will cause flip-flop F1 to set, but
this only results in logic level O signals being applied to
the J2 and K2 inputs since J2 is connected to ground
and a logic level 0 signal appears at K2 via Q1. Flip-flop
F2 will not switch under such conditions and therefore
the failure condition is not cleared.

Gate G provides a means for routining the pulse
monitor circuit since it allows for the simulation of a
monitored CLK pulse failure condition. This routining
occurs when a logic level 0 (—FAIL CLK) signal ap-
pears at the first input of gate G. Since this gate is an
AND gate, it responds to the logic level 0 (—FAIL
CLK) signal by applying a logic level 0 signal to the
clock input of flip-flop F1. The resultant absence of
clock pulses at this input appears as a normal CLK pulse
failure and it should cause the pulse monitor to generate
a logic level 0 (—CLK FAIL) signal if it is operating
properly.

Referring now to FIG. 2, a second embodiment of the
present invention is shown. This circuit includes two
detection flip-flops F1 and F2 rather than the single
detection flip-flop Ffl shown in FIG. 1. This arrange-
ment allows quicker detection of a CLK pulse edge
failure. Since flip-flop F1 is clocked by a negative going
CLK pulse edge and flip-flop F2 is clocked by a positive
going CLK pulse edge, the frequency of the REF signal
need only be less than the frequency of the CLK signal
to insure that at least one CLK pulse edge, positive or
negative, is detected during each high time of the REF
pulse. Thus the REF frequency is approximately twice
the frequency of the REF signal used in the pulse moni-
tor of FIG. 1 and therefore, CLK pulse edge failures are
detected twice as fast with the pulse monitor of FIG. 2.
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OR gate G2 and inverter I provide means for apply-
ing the output signals of these two detection flip-flops,
F1 and F2, to the inputs of storage flip-flop F3.
In all other respects, the operation of this pulse moni-
tor is the same as that described for the pulse monitor of
FIG. 1.
Referring now to FIG. 3, a third embodiment of the
present invention is shown. This circuit includes two
pulse monitor circuits, M1 and M2. These pulse moni-
tors are the same as those shown in FIG. 2. This ar-
rangement allows even quicker detection of a CLK
pulse failure since flip-flops F1-F3 detect a CLK pulse
edges (positive or negative) during the high time of the
REF signal and flip-flops F4-F6 detect a CLK pulse
edges (positive or negative) during the low time of the
REF signal. Therefore, this circuit detects CLK pulse
edge failures approximately twice as. fast as the pulse
monitor of FIG. 2. Inverter I1 inverts the REF pulse
input of M2 and “AND” gate G4 combines the failure
signals from both circuits into a common —CLK FAIL
signal. Otherwise, the operation of monitors M1 and M2
are the same as that described for the pulse monitor of
FIG. 2. .
The present invention thus discloses three embodi-
ments of a highly reliable pulse monitor circuit which
are not susceptible to race conditions and can be reset
by either an external clear signal or reappearance of
monitored CLK pulse.
It will be obvious to those skilled in the art that nu-
merous modifications of. the present invention have
been made without departing from the spirit of the
invention which shall be limited only by the scope of
the claims appended hereto.
What is claimed is: - _
1. A pulse monitor circuit for use in a switching sys-
tem, inluding a source of reference signal pulses having
first and second polarities and a clock signal source
normally operated to provide clock signal pulses with
first and second edges, and abnormally operated to
produce a clock signal pulse without said first or second
edges, said pulse monitor circuit comprising:
first detection means connected to said clock signal
source and said reference signal source, operated in
response to a reference signal pulse of said first
polarity and an absence of said first edge of a clock
signal pulse to provide a first failure detected sig-
nal; - :

said first detection means further operated in re-
sponse to a reference signal pulse of said second
polarity to clear said first failure detected signal;
and

first storage means connected to said first detection

means and to said reference signal source, operated
in response to said reference signal pulse of second
polarity and said first failure detected signal to
provide a first clock failure signal.

2. A pulse monitor circuit as claimed in claim 1,
wherein: said first detection means is further operated in
response to a reference signal pulse of said first polarity
and an absence of said second edge of a clock signal
pulse to provide said first failure detected signal.

3. A pulse monitor circuit as claimed in claim 1,
wherein: said first storage means is further operated in
response to said reference signal pulse of second polar-
ity and an absence of said first failure detected signal to
clear said first clock failure signal.

4. A pulse monitor circuit as claimed in claim 1,
wherein there is further included:
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second detection means connected to said clock signal
source and said reference signal source operated in
response. to-a reference signal pulse of said second
polarity and an absence of said first edge of a clock
signal pulse to prov1de a second failure detected
signal;

said second detection means further operated in re-

sponse to a reference signal pulse of first polarity to
clear said second failure detected signal; and
second storage means connected to said second de-
tection means and to said reference signal source,
operated in response to said reference signal pulse
of first polarity and said second failure detected
signal to provide a second clock failure signal.

5. A pulse monitor circuit as claimed in claim 4,
wherein: said second detection means is further oper-
ated in response to a reference signal pulse of said sec-
ond polarity and an absence of said second edge of
clock signal pulse to provide said second fallure de-
tected signal.

6. A pulse monitor circuit as claimed-in claim 4,
wherein: said second storage means is further operated
in response to said reference signal pulse of first polarity
and an absence of said second failure detected signal to
clear said second clock failure signal.

7. A pulse monitor circuit as claimed in claim 4,
wherein there is further included: gating means con-
nected to said first and second storage means operated
in response to said first or second clock failure signal to
provide a gated clock failure signal.

8.°A pulse monitor circuit as claimed in claim 4,
wherein there is further included: a clear signal source;
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said first and second storage means each further con-

nected -to- said- clear signal source, ‘and-each further
operated ‘in-response to said clear-signal toclear-said
first and second clock failure signals respectively.

9. ‘A pulse monitor circuit' as' claimed in claim 4,
wherein- there is further included, a routining- signal
source, said pulse monitor circuit further comprising:
routining means connected to said clock signal:source
and said routining signal source, operated in response to
said routining signal to inhibit said clock signal from
appearing at said first and second detection means.

10. A pulse monitor circuit as claimed in claim 1,
wherein said first detection means comprises: a flip-flop
having a positive edge triggered clock input connected
to said clock signal source and a clear’input connected
to said reference signal source.

11. A pulse ‘monitor circuit as claimed in claim 2,
wherein said first detection means comprises: a first
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flip-flop having a positive edge triggered clock input
connected to said clock signal source and a clear input
connected to said reference signal source;-

a second flip-flop having a negative edge triggered
clock input connected to said clock signal source
and a clear input connected to said reference signal
source; and gating means connected to said first
and second flip-flop.

12. A pulse monitor circuit as claimed in claim 4,
wherein said second detection means comprises: a flip-
flop having a positive edge. triggered clock input con-
nected to said clock signal source; an inverter; and a
clear input connected to said reference signal source via
said inverter.

13. A pulse monitor circuit as claimed in claim 5,
wherein said second detection means comprises: a first
flip-flop having a positive edge triggered clock input
connected to said clock signal source; an inverter; and a
clear input connected to said reference signal source via
said flip-flop having.a negative edge triggered clock
input connected to said clock signal source; and a clear
input connected to said reference signal source via said

inverter; and

gating means connected to said first and second flip-

flops.

14. A pulse monitor circuit as claimed in claim 1,
wherein said first storage means comprises: a flip-flop
having a clock input connected to said reference signal
source, a first data input connected to ground, and a
second data input connected to said first detection
means.

15. A pulse monitor circuit as clalmed in claim 3,
whereifn said first storage means .comprises; a flip-flop
havmg a clock input connected to said reference signal .
source and first and second data inputs connected to
said first detection means.

16. A pulse monitor circuit as claimed in claim 4,
wherein said second storage means comprises: an in-
verter; a flip-flop having a clock input connected to said
reference signal source via said inverter, a first data
input connected to ground, and a second data input
connected to said second detection means.

17. A -pulse monitor circuit as claimed in claim 6,
wherein said second storage means comprises: an in-
verter; a flip-flop having a clock input connected to said
reference signal source via said inverter, and first and
second data inputs connected to said second detection

means.
* * x ¥ %



