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[57] ABSTRACT

In carrier and timing recovery systems for high perfor-
mance data modems it is essential to employ threshold
comparators and to be able to determine accurately
zero-crossing instants. The circuit of the invention com-
prises a comparator with feedback which produces a
positive transition of the comparator output in response
to the negative zero-crossing transition of the input
signal on condition that ‘the previous half-cycle of the
input signal has exceeded the positive reference thresh-
old. In a practical arrangement two comparators are
provided together with a pair of bistable storage ele-
ments which produces a narrow pulse in response to the
negative zero-crossing transition of an input signal pro-
vided that the input signal has exceeded the positive
reference threshold applied to the second comparator.

2 Claims, 5 Drawing Figures
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ZERO-CROSSING COMPARATORS WITH
THRESHOLD VALIDATION

Voltage comparators and other circuits -for. slicing
analogue signals are well known.in the art and em-
ployed im many situations. In some applications where
the need exists to distinguish a valid signal from low
level noise, a voltage threshold may be applied to the
reference input of the comparator in order that only
signals exceeding that threshold voltage will cause the
comparator to switch. Unfortunately when this method
is used, the transition of the comparator output will be
delayed with reference to the zero-crossing of the input
in one direction and advanced in the other direction by
an amount depending upon the amplitude of the input
signal. In some applications like carrier recovery and
timing recovery systems in high performance data
modems it is essential to preserve accurately the zero-
crossing instant of the input while providing a threshold
to prevent the comparator responding to signals of less
than a predetermined amplitude. It is an aim of the
present invention to achieve this preservation.

According to one embodiment of the invention there
is provided for use in carrier and timing recovery cir-
cuits of a digital data transmission system a zero-cross-
ing comparator incorporating feedback which produces
a transition of the comparator output in response to the
zero-crossing transition of the comparator input signal
on condition that the previous half-cycle of the input
signal has exceeded a reference threshold.

In another embodiment of the invention two compar-
ators are provided together with a pair of bistable stor-
age elements which produces a narrow pulse in re-
sponse to the zero-crossing transition of the input signal
provided that the input signal has exceeded a reference
threshold applied to the second comparator.

In order that the invention may be more readily un-
derstood reference is made to the following figures.

FIG. 1 illustrates the operation of a simple compara-
tor (prior art).

FIG. 2 illustrates the operation of a comparator with
a threshold voltage (prior art).

FIG. 3 illustrates the principle of amplitude valida-
tion of zero-crossing transitions.

FIG. 4 illustrates one embodiment of the present
invention comprising a comparator with feedback
which produces a positive transition of the comparator
output in response to the negative zero-crossing transi-
tion of the input signal on condition that the previous
half-cycle of the input signal has exceeded the positive
referenced threshold.

FIG. 5 illustrates a second embodiment of the present
invention comprising two comparators and bistable
storage elements which produces a narrow pulse in
response to the negative zero-crossing transition of the
input signal provided that the input signal has exceeded
the positive reference threshold applied to the second
comparator.

In FIG. 1 (prior art) the input signal IPS is applied to
the positive input of a differential amplifier comparator
COMP which is biased on its negative input by a zero
volt OV condition. The waveforms shown at the side of
the circuit of FIG. 1 indicate the input signal voltage
IPSV and the output signal voltage OPSV as a function
of time t. Each time the input signal crosses zero the
comparator produces an output until the signal returns
to zero again.
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In FIG. 2 (prior art) the same comparator COMP is
provided with a variable threshold level VT which
provides a pedestal above zero for the comparator. The
waveforms relevant to the circuit of FIG. 2 are shown
at the side of the circuit and it will be seen that the
threshold voltage causes displacement of Al and A2 to
be experienced from the zero crossing instants ZCI1
and ZCI2.

FIG. 3 illustrates the principle of operation of the
invention in that the zero transition of the input signal
IPSV is amplitude validated.

FIG. 4 shows a simple amplitude-validated zero-
crossing comparator comprising a differential amplifier
C which has a logic compatible output, a suitable device
being an LM 311. The comparator C is provided with
feed back through resistors R1 and R2 to its positive
input with the input signal applied to its negative input.
This provides a threshold voltage of (R2)/(R1+R2)
Vo. It will be seen that at point X a valid transmission
occurs whereas at point Y an invalid transition occurs.
Accordingly the output voltage OPSV produced by the
circuit includes a positive going edge which occurs
when the input waveform passes through zero after
having exceeded the threshold level VT provided by
the R1 and R2 feedback network.

Considering now FIG. 5 a second embodiment of the
invention is shown in that two differential amplifier
comparators C1 and C2 are provided driving a pair of
“D” type toggles D1 and D2 which are interconnected
80 as to generate a narrow pulse on the output lead OPS
when the input lead IPS passes through zero after hav-
ing exceeded the positive threshold provided by the
threshold level +VT. The output signals from the com-
parators C1 and C2 are connected respectively to the
clock inputs of the “D” type toggles while the data
inputs to the “D” type toggles are held at the logic “1”
state level. The Q output from toggle D2 is used to
control the clear input to toggle D1 while the Q outputs
from toggle D1 is used to control the clear input to
toggle D2. In operation when the positive hailf cycle of
the input signal falls below the threshold level +VT
toggle D2 is set by the output from comparator C2. This
causes toggle D1 to be primed on its clear input by the
“1” state signal on Q2. When the input waveform IPS
reaches zero comparator C1 generates an output condi-
tion to switch D1 to the “1” state. The “0” transition on
Q1 causes toggle D2 to be cleared which in turn
switches Q2 to the “0” state thereby clearing D1. The
output signal OPS, therefore, exists for the time it takes
to clear toggles D2 and D1.

The above description has concentrated on circuit
arrangements operating on positive signals, whereas it
will be obvious to those skilled in the art how the cir-
cuits could be amended to operate on negative half
cycles.

What I claim is:

1. A circuit arrangement for use in carrier and timing
recovery circuits of a digital data transmission system,
the circuit arrangement comprising in combination first
and second differential amplifiers and first and second
toggles, the first differential amplifier receiving an input
signal and producing an output signal when the input
signal passes through zero in a first direction, the second
differential amplifier receiving the input signal and pro-
ducing an output signal when the input signal falls in
said first direction below a predetermined reference
threshold value, the first toggle being connected to the
first differential amplifier for receiving the output of the
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first differential amplifier, the second toggle being con-
nected to the second differential amplifier for receiving
the output of the second differential amplifier, wherein
the second toggle includes enabling means connected to
the first toggle for enabling the first toggle to produce a
short pulse in response to the zero transmission of the
input signal only when the input signal has previously
exceeded the predetermined reference threshold during
an immediately preceding half cycle of the input signal.
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2. A circuit arrangement according to claim 1,
wherein the first and second toggles are D-type toggles
having a data input path, a clock input path and a reset
input path, and the outputs of the differential amplifiers
are connected to the clock input paths of the toggles,
and wherein the enabling means comprises an output of
the second toggle which is connected to the reset input

path of the first toggle.
* %* % * %



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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