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[57) ABSTRACT

A method and apparatus is disclosed for forming a bi-
nary level output signal which has a single transition
representative of a threshold crossing in a sensor output
signal. The sensor output signal is applied to the inputs
of two signal processing circuits, the first of which
develops a first signal having a relatively fast transition
representing the threshold crossing. The second circuit
develops a second output signal that is representative of
an integrated version of the sensor signal. In the pre-
ferred embodiment, a flip-flop receives the first signal at

- aclock input and the second signal at a data input. The

flip-flop’s set input may also receive the second signal.
The resultant output signal from the flip-flop has but a
single transition representing the threshold crossing,
irrespective of noise-induced threshold crossings in the
sensor output signal.

10 Claims, 1 Drawing Sheet
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THRESHOLD CROSSING DETECTOR

FIELD OF THE INVENTION

This invention is generally directed to circuitry for
detecting a threshold crossing in the output signal of a
sensor, and for generating a further, typically binary,
signal that is free of noise and that accurately identifies
the threshold crossing.

BACKGROUND OF THE INVENTION

In a prior art threshold detector (sometimes referred
to as a “zero-crossing’ detector), the output of a sensor
is processed by circuitry such as that shown in FIG. 1.

In the illustrated arrangement, a sensor 10 (such as a
reluctance sensor) develops an output signal A which,
as shown by waveform A in FIG. 2, is a sinusoidal type
signal superimposed on a threshold level V. At time t,
the signal A crosses the threshold V, thereby generating
a “threshold-crossing”. In the case where the threshold
level V is zero volts, the transition at t; is referred to as
a “zero-crossing”. The purpose of the circuity shown in
FIG. 1 is to develop a binary output signal that has a
single transition (as opposed to multiple, unwanted tran-
sitions) at ty, and that is substantially free of any noise
that may be superimposed on the signal A.

Referring again to FIG. 1, the signal A is coupled to
the input of a zero-crossing (or threshold-crossing) de-
tector 12 that generates a binary level output signal B
(see waveform B in FIG. 2) having a positive-going
transition that occurs at time t;.

The sensor signal A is also applied to an integrator 14
which applies an integrated version of the signal A to a
threshold detector 16. The output of the detector 16 is
a binary signal C (see waveform C in FIG. 2). This
signal C is applied to the clock (C) input of a flip-flop
18, while the signal B is applied to the reset (R) input of
the same flip-flop.

The purpose of the flip-flop is to generate a noise-free
output signal D (see waveform D in FIG. 2) that has an
“arm” transition and a “fire” transition. The “arm”
transition is included for the purpose of establishing an
amplitude level from which one can generate the “fire”
transition. The “fire” transition is the important one, as
it represents the time when the sensor signal experiences
its threshold-crossing. In a typical automotive applica-
tion, the “fire” transition gets counted, or otherwise
used, to form a timing reference for a fuel injector or the
like.

A problem with the foregoing approach is that, in
some applications, extra circuitry may be needed to
ensure that the integrated sensor signal (i.e., the signal
formed by the integrator 14 and the threshold detector
16) has a fast enough rise time and/or fall time to reli-
ably clock the arming of the output signal. In FIG. 1,
for example, the signal applied to the *“‘clock” input of
the flip-flop 18 must have a relatively rapid transition in
order to reliably clock the flip-flop and thereby gener-
ate the “arm” transition shown in waveform D. While
in many applications the flip-flop can be reliably
clocked if the integrated sensor signal is properly pro-
cessed (such as by including pulse shaping circuitry
within, or in addition to, the threshold detector 16), it is
preferable to derive the output signal differently in
order to minimize the risk of providing an improper
“arm” and “fire” type output signal, while at the same
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time ensuring that the output signal remains free of
multiple, unwanted transitions.

OBJECTS OF THE INVENTION

It is a general object of the invention to provide an
improved method and apparatus for developing an ac-
curate and reliable output signal representative of a
sensor signal’s threshold crossing.

It is another object of the invention to provide such
an output signal that does not have multiple, unwanted
transitions.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1, previously discussed, shows a prior art
threshold detector;

FIG. 2 shows various waveforms produced by the
detector of FIG. 1;

FIG. 3 is a schematic diagram of a threshold detector
in accordance with the invention;

FIG. 4 shows waveforms produced by the detector
of FIG. 3;

FIG. 5 shows an alternate output logic circuit for use
with the detector of FIG. 3; and

FIG. 6 shows another output logic circuit that may
be used with the detector of FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 3, a threshold detector 20 is shown
which incorporates the features of the invention. This
threshold detector includes a sensor 22 that generates,
at node A, a sensor signal such as that shown by wave-
form A of FIG. 4. This waveform depicts one cycle of
a sensor signal that begins at time Ti, undergoes a
threshold crossing 28 at T3, and ends at Ts.

A first, conventional signal processing circuit 23,
including a comparator 24, receives the sensor signal
from node A. The signal processing circuit 23 develops,
at node C, a first signal (see waveform C of FIG. 4) that
has a relatively fast transition 26 that represents the
threshold crossing 28 of the sensor signal. Preferably,
only a single transition 26 will occur, but, as shown, a
double transition (indicated by the two vertical lines
near time T3) may result because of noise in the sensor
signal (waveform A) which can appear as one or more
threshold crossings near the time Ts3. Such multiple
threshold crossings can give rise to corresponding mul-
tiple transitions in the signal at node C.

Waveform C is also shown with multiple transitions
30 prior to time T}, and additional multiple transitions
32 after Ts. The multiple transitions 30 illustrate how
noise on the sensor signal at node A can result in one or
more transitions occurring in the signal at node C prior
to time Tj. Likewise, the multiple transitions 32 illus-
trate how noise on the sensor signal can result in one or
more transitions occurring in the signal at node C after
time Ts. The important point to understand is that there
may be multiple, noise-induced transitions in the signal
at node C rather than a single transition at each of the
times Ty, T3, and T, and these multiple transitions can
occur randomly. In spite of these multiple transitions, it
is important that the threshold detector 20 generate an
output signal that has only | transition that represents
the threshold crossing of the sensor signal.

Referring again to FIG. 3, a second signal processing
circuit 34, including an RC integrator (resistor 36 and
capacitor 38) and a comparator 40, receives the sensor
signal from node A. This second signal processing cir-
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cuit develops, at node D, a second signal (see waveform
D) that has transitions 42, 44 between a first level (H)
and a second level (L), and that is representative of an
integrated version of the sensor signal. To develop this
output signal, the signal processing circuit 34 first inte-
grates the sensor signal by means of the RC integrator
to develop, at node B, an integrated signal as shown by
waveform B in FIG. 4. The signal processing circuit 34
then, using the comparator 40 and its associated cir-
cuitry, compares the integrated signal at node B to a
threshold level T, and develops the output signal at
node D. As can be seen from waveform D, this output
signal undergoes the transition 42 when the integrated
signal (waveform B) exceeds the threshold level T, and
it undergoes the transition 44 when the integrated signal
falls below the threshold level T. It can also be seen that
multiple transitions 42, 44 may occur as the result of
noise on the integrated signal. However, the illustrated
embodiment of the invention precludes such multiple
transitions in waveform D from generating multiple
transitions in the ultimate output signal (waveform E)
developed by the threshold detector 20.

Referring again to FIG. 3, an output logic circuit,
shown as a “D-type” flip-flop 46, (e.g., type MC 14013B
made by Motorola, Inc.) receives the signals from nodes
C and D to develop an output signal (see waveform E)
on an output lead E. According to one aspect of the
invention, the first and second signals (from nodes C
and D) are processed so as to: hold the output signal (E)
at a given level (e.g., level H) while the second signal is
at its first level (e.g., at level H); when the second signal
reaches its second level {e.g., level L), the output signal
E is enabled to undergo a transition from its given level
(H) to a second level (L); and then the relatively fast
transition 26 in the first signal (waveform C) is used to
clock the output signal E to the second level (L). As
discussed in more detail below, this technique uses the
transition 26 which is relatively fast (as opposed to
using a speeded-up version the integrated sensor signal)
to develop an output signal E that has but a single tran-
sition (at time T3) representing the threshold crossing of
the sensor signal, irrespective of the possible multiple
transitions shown in waveforms C and D.

Turning again to FIG. 3, the flip-flop 46 has a clock
input (C) receiving the first signal from node C, and a
data input (D) receiving the second signal from node D.
In this embodiment, the set input (S) of the flip-flop also
receives the signal from node D, and the reset input (R)
is grounded. The Q output of the flip-flop provides the
output signal E. .

The flip-flop 46 operates as follows. The output sig-
nal E is held at the level H until the occurrence of the
positive-going transition 26 in the clock signal (wave-
form C), at which time (T3) the Q output assumes the
state of the D input. Because the D input is low at T3,
the signal E undergoes a negative-going transition 48.
This transition 48 represents the threshold crossing 28 in
the sensor signal. Note also that the clocking transition
26 occurs while the D input is stable; i.e. multiple transi-
tions in the signal at the flip-flop’s D input do not occur
at or near time T3. Therefore, even if multiple transi-
tions 26 occur in waveform C, the output signal E will
have only one transition 48. The single transition 48
may move somewhat, either to the left or right of its
illustrated position, in response to noise-induced
changes in the position of a transition 26, but only a
single transition 48 will be developed.
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After the transition 48 occurs, the output signal E is
maintained at the level L so long as waveform D re-
mains at its level L, irrespective of further transitions in
waveform C. The set input to the flip-flop drives the
output signal E high again (transition 50) in response to
a positive-going transition 44 in waveform D. Having
been thus driven high, the signal E is not influenced by
possible multiple transitions 32 or 44 in waveforms C
and D.

The present technique for developing the output
signal E is not limited to the use of D-type flip-flops as
shown in FIG. 3. Other types of logic circuits may be
used, or other configurations of D-type flip-flops may
also be used. One such alternate configuration is shown
in FIG. §. In this embodiment, a flip-flop 52 has a Q
output that provides the output signal E, a set input
receiving waveform D, and a clock input receiving
waveform C, all as shown in the embodiment of FIG. 3.
In the embodiment of FIG. 5, however, the data (D)
input is grounded. This means that the transition 48 is
developed in the manner described for the FIG. 3 em-
bodiment, but the transition 50 is generated by the set
input going high when the D signal has returned to its
level H. As with the embodiment of FIG. 3, the output
signal E is free of multiple transitions.

Another embodiment is shown in FIG. 6. Here, a
flip-flop 54 has a reset (R) input receiving waveform D,
a clock (C) input receiving waveform C, a data input
(D) coupled to +5 volts, and a2 Q output terminal at
which the waveform E is developed. With this arrange-
ment, a transition 48 is generated in the output signal E
in response to a positive-going transition 26 in wave-
form C, and a transition 50 is generated in response to
the reset input being driven high by a transition 44 in
waveform D. This arrangement also eliminates multiple
transitions from the output signal E.

A feature of the embodiments discussed above is that
they all use the threshold-crossing signal developed by
the first signal processor 23 to clock the output signal.
Since the output from the first signal processor 23 tends
to always have a relatively fast transition which can be
reliably used for clocking purposes, there is less need
for including pulse-shaping circuitry in the second sig-
nal processor 34 to ensure that its output includes a fast
transition that can be used for clocking. Further, all the
embodiments provide an output signal that is free of
multiple, unwanted transitions, even in the presence of
noise on the sensor signal.

Although the invention has been described in terms
of preferred structures, it will be obvious to those
skilled in the art that various alterations and modifica-
tions can be made without departing from the invention.
Accordingly, it is intended that all such modifications
and alterations be considered as within the spirit and
scope of the invention as defined by the appended
claims.

What is claimed is:

1. In a system which processes a sensor signal that has
a threshold-crossing to form: (a) a first signal having a
relatively fast transition that represents the threshold-
crossing of the sensor signal, and (b) a second binary
signal that has transitions between first and second lev-
els and that is representative of an integrated version of
the sensor signal, a method of processing the first and
second signals to form a binary level output signal, the
method comprising:

(1) holding the output signal at a given level A while

the second signal is at its first level;
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(2) when the second signal reaches its second level,
enabling the output signal to undergo a transition
from the given level A to a second level B, and
then

(3) using the transition in the first signal to clock the
output signal to the second level B.

2. A method as set forth in claim 1 further including;:

(4) maintaining the output signal at the second level B
so long as the second signal remains at its second
level, irrespective of further transitions in the first
signal.

3. A threshold-crossing detector having:

a sensor for producing a sensor signal having a thre-
shold-crossing;

a first signal processing circuit receiving the sensor
signal for developing a first signal that has a rela-
tively fast transition that represents the sensor sig-
nal’s threshold-crossing;

a second signal processing circuit receiving the sen-
sor signal for developing a second signal that has
transitions between first and second levels and that
is representative of an integrated version of the
sensor signal; and

an output circuit receiving the first and second signals
for developing an output signal having an ampli-
tude transition that represents the threshold-cross-
ing of the sensor signal;

characterized in that the output circuit comprises a
logic circuit having a clock input receiving the first
signal, and a second input receiving the second
signal, the logic circuit being responsive to the
transition in the first signal for driving the output
signal rapidly from a first logic level to a second
logic level, thereby generating an amplitude transi-
tion representing the threshold-crossing of the sen-
sor signal.
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4. A threshold-crossing detector as set forth in claim
3 wherein the logic circuit comprises a flip-flop having
a clock input which receives the first signal and a data
input receiving the second signal.

5. A threshold-crossing detector as set forth in claim
4 wherein the flip-flop also has a set input that receives
the second signal.

6. A threshold-crossing detector as set forth in claim
4 wherein the flip-flop also has a reset input that is
coupled to a reference potential.

7. A threshold-crossing detector as set forth in claim
3 wherein the logic circuit comprises a flip-flop having
a clock input which receives the first signal and a reset
input that receives the second signal.

8. A threshold detector as set forth in claim 7 wherein
the flip-flop also includes a data input that is coupled to
a positive voltage source.

9. A threshold-crossing detector for use with a sensor
whose output signal undergoes a threshold-crossing, the
detector comprising:

a first signal processing circuit receiving the sensor
signal for developing a first signal that has a rela-
tively fast transition that represents the sensor sig-
nal’s threshold-crossing;

a second signal processing circuit receiving the sen-
sor signal for developing a second signal that has
transitions between first and second levels and that
is representative of an integrated version of the
sensor signal; and

a flip-flop having an output, a clock input, and a set
input, the clock input receiving the first signal and
the set input receiving the second signal.

10. A threshold-crossing detector as set forth in claim -

9 wherein the flip-flop also includes a data input that

receives the second signal.
* * * * *



FURTHER READING

Click any one of the following links to be taken to a website which contains
the following documents.

The following are some recent examples of Asynchronous ADC activity off the web.

6 bit Asynchronous December 2006

Asynchronous ADC In CAD Mentor Graphics

Asynchronous Data Processing System

ASYNCHRONOUS PARALLEL RESISTORLESS ADC

Flash Asynchronous Analog-to-Digital Converter

Novel Asynchronous ADC Architecture

LEVEL BASED SAMPLING FOR ENERGY CONSERVATION IN LARGE NETWORKS

A level-Crossing Flash Asynchronous Analog-to-Digital Converter

Weight functions for signal reconstruction based on level crossings

Adaptive Rate Filtering Technique Based on the Level Crossing Sampling

Adaptive Level—Crossing Sampling Based DSP Systems

A 0.8 V Asynchronous ADC for Energy Constrained Sensing Applications
Spline-based signal reconstruction algorithm from multiple level crossing samples
A New Class of Asynchronous Analog-to-Digital Converters

Effects of time quantization and noise in level crossing sampling stabilization

Here is some more background information on Analog to Digital converters.

A 1-GS/s 6-bit 6.7-mW ADC

A Study of Folding and Interpolating ADC
Folding_ ADCs_Tutorials

high speed ADC design

Investigation of a Parallel Resistorless ADC

Here are some patents on the subject.

4,291,299 Analog_to_digital_converter_using_timed
4,352,999_Zero_crossing_comparators_with_threshold

4,544,914 Asynchronously controllable_successive_approximation
4,558,348 Digital_video_signal_processing_system_using
5,001,364 _Threshold crossing detector

5,315,284 _Asynchronous_digital_threshold_detector_

5,945,934 Tracking_analog_to_digital_converter

6,020,840 _Method_and_apparatus_for_representing_waveform
6,492,929 Analogue_to_digital_ converter_ and_method

6,501,412 Analog_to_digital_converter_including_a_quantizers
6,667,707 _Analog_to_digital_ converter with_asynchronous_ability
6,720,901_Interpolation_circuit_having_a_conversio2
6,850,180_SelfTimed_ ADC

6,965,338_Cascade_A_ D_converter

7,133,791 Two_mean_level crossing_time_interval
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