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Description

[0001] The subject of the invention is a method for rec-
ognizing an order of signals that can be applied in control
and measurement systems and automation, but mainly
in analog-to-digital conversion of the TDC type (time-to-
digital conversion), in which the analog input quantity is
atime interval. TDC converters of this type are used e.g.
in: laser rangefinders, digital phase locked loops (DPLL),
positron emission tomography and post-production tests
of time parameters of very large-scale integration (VLSI)
integrated circuits.

[0002] From the publication: M. A. Abas, G. Russell
andD. J. Kinniment, "Design of Sub-10-Picoseconds On-
Chip Time Measurement Circuit" a method for recogniz-
ing an order of signals by means of a MUTEX circuit
(mutual exclusion) is known. In this method, a source
signal is fed to a set input of the MUTEX circuit, whereas
a reference signal is fed to a reset input of the MUTEX
circuit. The one of the mentioned signals that will be first
to enter its active state, will be indicated as a leading
signal by means of the MUTEX circuit. One of the two
outputs of the MUTEX circuit that corresponds to this
signal will be then put into active state, confirming that
the order of signals was finally settled. The active state
ofthe other of the signals that reaches the MUTEX circuit
will not affect the state of the outputs of this system.
[0003] From the publication: M. A. Abas, G. Russell
and D. J. Kinniment, "Built-in time measurement circuits
- a comparative design study" IET Comput. Digit. Tech.,
2007, 1, (2), pp. 87 - 97 a method of analog-to-digital
conversion of the TDC type (time-to-digital conversion)
is known, in which the coded analog quantity is a time
interval. This interval is represented by a distance of time
between the moments in which a source signal and a
reference signal successively enter their active states.
An amount of the measured interval is determined by
means of the successive approximation method and fi-
nally presented in the form of an n-bit output digital word.
The processing is carried out in a system composed of
nsequentially connected cells. Each of the cells first waits
until active state appears on one of its signal inputs, which
means that the leading one of the signals has just
reached this cell. A reference delay is then introduced
into the leading signal path, which is twice as small as
the reference delay introduced by the previous cell and
simultaneously twice as large as the reference delay in-
troduced by the next cell. However, the given cell does
notintroduce the reference delay into the path of the sec-
ond, later signal. Furthermore, each of the cells, based
on the path configuring method of both signals it has in-
troduced, assigns an appropriate value to a bit having
index x of the n-bit output digital word, wherein the posi-
tion of a given bit having index x in the digital word cor-
responds to the location of the considered cell in the con-
verter structure. The processing ultimately leads to the
alignment in time of the moments in which both signals
enter active state. This alignment can be achieved with
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an accuracy not worse than the absolute resolution of a
given converter. The absolute value of the measured time
interval can therefore also be determined as a difference
of sums of reference delays introduced into the paths of
each signal.

[0004] The order in which the active states of the
source signal and of the reference signal reach a given
cell are recognized by means of a MUTEX circuit. Oc-
currence of the leading active state on one of the two
inputs of this circuit causes the corresponding of its two
outputs to enter active state. These outputs control the
configuration of two multiplexers. By using them, the ref-
erence delay is introduced into the path of the leading
signal and simultaneously it is not introduced into the
path of the second, later signal. However, since the prop-
agation times of information through the MUTEX circuit
and each of the multiplexers are non-zero, in the paths
of both signals in each cell of the converter delay ele-
ments are permanently included, by means of which the
influence of the propagation delays of the mentioned el-
ements is compensated.

[0005] From the publication: D. J. Kinniment, O. V.
Maevsky, A. Bystrov, G. Russelland A. V. Yakovlev, "On-
Chip structures for Timing Measurement and Test" a
metastability effect of a MUTEX circuit is known. This
circuit is characterized by a constant and small propaga-
tion delay in a situation where active states on both its
inputs do not appear quasi-simultaneously. However, if
both inputs of the MUTEX circuit enter their active states
quasi-simultaneously, the response time of the MUTEX
circuit increases rapidly. In this situation, long after en-
tering active states by both inputs of the MUTEX circuit,
both of its outputs still remain inactive. This effect cannot
be fully compensated for by the delays permanently in-
cluded in the paths of both signals, because the absolute
value of the inaccuracy of each of such large delays,
resulting from the dispersion of technological processes,
becomes significantly greater than the resolution of the
converter, falsifying the results of each of the measure-
ments performed. Thus, in the case of metastability of
the MUTEX circuit, which however does not happen of-
ten, the active signal finally appears on one of the outputs
of this circuit with a large and uncompensated delay. This
delay makes it impossible to properly configure further
parts of the paths of both signals before the active states
of these signals reach the considered parts. As a result
of the above, at a given stage of processing, none of the
signal paths will contain the required reference delay or,
in another implementation of the converter, the paths of
both signals will contain the same reference delay. In
both cases, the processing result will be burdened with
an error, the value of which may reach even half of the
processing range, depending on the stage of processing
where metastability phenomenon occurs.

[0006] A method for recognizing an order of signals
according to the invention consists in detecting, by
means of a main MUTEX circuit, executed during an an-
alog-to-digital conversion step used to determine avalue
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of a bit having index x of an n-bit output digital word, that
a source signal was the first to enter its active state, or
that a reference signal was the first to enter its active
state. A path configuration circuit is signaled by means
of afirst output of the main MUTEX circuit that the source
signal was the first to enter its active state. The path con-
figuration circuit is signaled by means of a second output
of the main MUTEX circuit that the reference signal was
the first to enter its active state. The source signal is fed
by means of a first delay circuit to an input of a source
path of the path configuration circuit. Simultaneously the
reference signal is fed by means of a second delay circuit
to an input of a reference path of the path configuration
circuit. Propagation time of the first delay circuit is equal
to propagation time of the second delay circuit and is
longer than a nominal propagation delay of the main MU-
TEX circuit.

[0007] The essence of the solution lies in that metast-
ability of the main MUTEX circuit is detected by means
of an additional MUTEX circuit, by controlling the delay
with which the first output of the main MUTEX circuit or
the second output of the main MUTEX circuit is put into
active state by means of the main MUTEX circuit. This
delay refers to the moment in which the source signal
was the first to enterits active state or the reference signal
was the first to enter its active state. The metastability of
the main MUTEX circuit is signaled by means of the ad-
ditional MUTEX circuit by bringing a second output of the
additional MUTEX circuitinto active state. Entering active
state by the source signal or entering active state by the
reference signal is detected by means a first gate and is
signaled by means of an additional delay circuit to the
additional MUTEX circuit, bringing a reset input of the
additional MUTEX circuit into active state. Propagation
time of the additional delay circuitis shorter than the prop-
agation time of the first delay circuit and simultaneously
is longer than the nominal propagation delay of the main
MUTEX circuit. Entering active state by the first output
of the main MUTEX circuit or entering active state by the
second output of the main MUTEX circuit is detected and
is signaled by means of a second gate to the additional
MUTEX circuit, bringing a set input of the additional MU-
TEX circuit into active state. To the bit having index x of
the n-bit output digital word a value is assigned by means
of an output module in the following manner. If during the
analog-to-digital conversion step used to determine the
value of the bit having index x of the n-bit output digital
word, metastability of the main MUTEX circuit is signaled
by means of the additional MUTEX circuit and a priority
input of the output module is put into active state by
means of the second output of the additional MUTEX
circuit, then to the bit having index x and to all possible
less significant bits of the n-bit output digital word default
logical states are assigned by means of the output mod-
ule. Simultaneously, the state indicated by means of the
first output of the main MUTEX circuit to a data input of
the output module is ignored by the output module during
this and any subsequent analog-to-digital conversion

10

15

20

25

30

35

40

45

50

55

steps. If, however, during the analog-to-digital conver-
sion step used to determine the value of the bit having
index x of the n-bit output digital word, metastability of
the main MUTEX circuit is not signaled by means of the
additional MUTEX circuit and the priority input of the out-
put module is kept by the second output of the additional
MUTEX circuit in inactive state and metastability is not
signaled during any of possible earlier analog-to-digital
conversion steps used to determine values of more sig-
nificant bits of the n-bit output digital word, then to the bit
having index x of the n-bit output digital word a logical
state according to the state of the data input of the output
module isassigned by means of the output module. Thus,
if the data input of the output module is put into active
state by means of the first output of the main MUTEX
circuit, then to the bit having index x of the n-bit output
digital word a logical state one is assigned by means of
the output module. Otherwise, when the data input of the
output module is kept in inactive state by means of the
first output of the main MUTEX circuit, to the bit having
index x of the n-bit output digital word a logical state zero
is assigned by means of the output module.

[0008] It is advantageous if the active state of the
source signal, of the reference signal, of the first output
of the main MUTEX circuit and of the second output of
the main MUTEX circuit as well as of a first output of the
additional MUTEX circuit and of the second output of the
additional MUTEX circuit is a logical high state. Then, by
means of the first gate and by means of the second gate
a logical OR function is implemented.

[0009] Itis also advantageous if the active state of the
source signal, of the reference signal, of the first output
of the main MUTEX circuit and of the second output of
the main MUTEX circuit as well as of the first output of
the additional MUTEX circuit and of the second output
of the additional MUTEX circuit is a logical low state.
Then, by means of the first gate and by means of the
second gate a logical AND function is implemented.
[0010] It is advantageous if the default logical states
are assigned by means of the output module to selected
bits of the n-bit output digital word in such a way that to
the bit having index x of the n-bit output digital word a
logical state zero is assigned by means of the output
module. Simultaneously, to all possible less significant
bits of the n-bit output digital word logical states one are
assigned by means of the output module.

[0011] It is also advantageous if the default logical
states are assigned by means of the output module to
selected bits of the n-bit output digital word in such a way
that to the bit having index x of the n-bit output digital
word a logical state one is assigned by means of the
output module. Simultaneously, to all possible less sig-
nificant bits of the n-bit output digital word logical states
zero are assigned by means of the output module.
[0012] The advantage of the solution lies in ensuring
the correct operation of the TDC-type analog-to-digital
converter even in a situation where metastability of the
MUTEX circuit occurs at any stage of processing. In such
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a situation, to all bits of this part of the output digital word
which due to the metastability of the MUTEX circuit is at
risk of being falsified, a predetermined default value will
be assigned. The final value of the output digital word
obtained in this way differs by at most one from the result
that could be obtained in an ideal, completely metasta-
bility-free converter.

[0013] The solution also allows to interrupt the analog-
to-digital conversion process, during which metastability
of the MUTEX circuit occurred. In this way both the time
and the amount of energy necessary to obtain the correct
processing result are reduced.

[0014] The subject of the invention is explained in ex-
emplary embodiments in the drawing which shows:

Fig. 1- adiagramofa system forrecognizing an order
of signals.

a diagram of a MUTEX circuit reacting to an
active state in the form of a logical high state,
containing an asynchronous RS flip-flop com-
posed of NAND logic gates and a simple filter.
a diagram of a MUTEX circuit reacting to an
active state in the form of a logical low state,
containing an asynchronous RS flip-flop com-
posed of NOR logic gates and an inverted fil-
ter.

a time interval AT separating moments of en-
tering active states by a source signal Sc, and
by a reference signal Rf,.

a propagation delay tp of the main MUTEX
circuit MM, as a function of time interval AT.

Fig. 2 -

Fig. 2 -

Fig. 4 -

Fig. 5 -

[0015] According to the invention, a method for recog-
nizing an order of signals consists in detecting, by means
ofamain MUTEX circuit MM,,, which of two signals reach-
es earlier a cell used to determine a value of a bit having
index x, b,, of an n-bit output digital word B in a TDC-
type analog-to-digital converter, using the successive ap-
proximation method. The first of the signals controlled by
means of the main MUTEX circuit MM, is a source signal
Sc,, whereas the second signal is a reference signal Rf,.
The arrival of the leading signal to the considered cell of
the analog-to-digital converter is recognized by means
of a set input S of the main MUTEX circuit MM, or by a
reset input R of the main MUTEX circuit MM,, put into
active state by means of, respectively, the source signal
Sc, orthe reference signal Rf,. In this exemplary solution
the active state is represented by a logical high state. An
appearance of the leading signal is signaled to a path
configuration circuit E, by means of a first output Q1 of
the main MUTEX circuit MM,,, if the leading signal is the
source signal Sc,, or by means of a second output Q2
of the main MUTEX circuit MM, if the leading signal is
the reference signal Rf,. A propagation delay tp of the
main MUTEX circuit MM, is compensated in excess for
the source signal Sc, and for the reference signal Rf, by
means of, respectively, a first delay circuit Ty44 and a
second delay circuit Ty;,,. Propagation time ty; of the first
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delay circuit Ty, 4, is equal to propagation time ty, of the
second delay circuit Ty;», and is five times longer than a
nominal propagation delay ty of the main MUTEX circuit
MM,. Thereby, in the absence of metastability of the main
MUTEX circuit MM,, it is guaranteed, by means of the
first delay circuit Ty, 4, and the second delay circuit Ty;,,,
that the source signal Sc, and the reference signal Rf,
will reach, respectively, an input of a signal path Sc;,, of
the path configuration circuit E, and an input of a refer-
ence path Rf}, of the path configuration circuit E, only
after the path configuration circuit E, has been signaled
by means of the main MUTEX circuit MM,, which of these
signals is the leading one. In this exemplary solution the
active state of the first output Q1 of the main MUTEX
circuit MM, and of the second output Q2 of the main
MUTEX circuit MM, as well as of a first output Q1 of an
additional MUTEX circuit MA, and of a second output Q2
of the additional MUTEX circuit MM, is a logical high
state.

[0016] The metastability of the main MUTEX circuit
MM, is detected by means of the additional MUTEX cir-
cuit MA,, by comparing the propagation delay tp of the
main MUTEX circuit MM, with propagation time to of an
additional delay circuit Tp,. The propagation time to of
the additional delay circuit Tp, is four times longer than
the nominal propagation delay ty of the main MUTEX
circuit MM, and is shorter than the propagation time ty,
of the first delay circuit Tyy4, and of the second delay
circuit Ty;,,. The beginning of an interval of the propaga-
tion delay tp of the main MUTEX circuit MM, is detected
by means of a first gate B1, acting in this exemplary so-
lution as a logical sum, is delayed by means of the addi-
tional delay circuit Tp, and is signaled to the additional
MUTEX circuit MA, by means of a reset input R of the
additional MUTEX circuit MA,. The end of the interval of
the propagation delay tp of the main MUTEX circuit MM,
is detected by means of a second gate B2, acting in this
exemplary solution as a logical sum and is signaled to
the additional MUTEX circuit MA, by means of a set input
S of the additional MUTEX circuit MA,. If the interval of
the propagation delay tp of the main MUTEX circuit MM,
is longer than the propagation time to of the additional
delay circuit Tp,, then the detected metastability of the
main MUTEX circuit MM, is signaled by means of the
additional MUTEX circuit MA, to an output module OM,
bringing a priority input Prt, of the output module OM into
active state by means of the second output Q2 of the
additional MUTEX circuit MA,.

[0017] If the metastability of the main MUTEX circuit
MM, is detected by means of the additional MUTEX cir-
cuit MA, in the cell of the analog-to-digital converter used
to determine a value of the bit having index x, b,, of the
n-bit output digital word B, to the bit having index x, b,,
and to all possible less significant bits b, _4, ..., bo of the
n-bit output digital word B default logical states are as-
signed by means of the output module OM. In this exem-
plary solution, to the bit having index x, b,, of the n-bit
output digital word B a logical state zero is assigned by
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means of the output module OM, and to all possible less
significant bits b, _4, ..., by of the n-bit output digital word
B logical states one are assigned by means of the output
module OM. Simultaneously, the state indicated by
means of the first output Q1 of the main MUTEX circuit
MM, to adatainput D, of the output module OM s ignored
by means of the output module OM. In such case the
output module OM ignores also the states indicated to
the data input of the output module OM in all possible
subsequent cells of the analog-to-digital converter, used
to determine values of less significant bits by, ..., by of
the n-bit output digital word B.

[0018] If no metastability of the main MUTEX circuit
MM, is detected by means of the additional MUTEX cir-
cuit MA, in the cell of the analog-to-digital converter used
to determine a value of the bit having index x, by, of the
n-bit output digital word B and provided that no metast-
ability is detected in any of the cells of the analog-to-
digital converter, used to determine values of more sig-
nificant bits by, 4, ..., by of the n-bit output digital word
B, to the bit having index x, b,, of the n-bit output digital
word B a logical state according to the state of the data
input D, of the output module OM is assigned by means
of the output module OM. If the data input D, of the output
module OM is put into active state by means of the first
output Q1 of the main MUTEX circuit MM, to the bit hav-
ing index x, b,, of the n-bit output digital word B a logical
state one is assigned by means of the output module
OM. Otherwise, when the datainput D, of the output mod-
ule OM is keptin inactive state by means ofthe first output
Q1 of the main MUTEX circuit MM, to the bit having
index x, b,, of the n-bit output digital word B a logical
state zero is assigned by means of the output module
OM.

[0019] Another method for recognizing an order of sig-
nals, according to the invention, differs from the previous
one in that the active state of the source signal Sc, and
the active state of the reference signal Rf, is represented
by a logical low state. The active state of the first output
Q1 of the main MUTEX circuit MM, and of the second
output Q2 of the main MUTEX circuit MM, as well as of
the first output Q1 of the additional MUTEX circuit MA,
and of the second output Q2 of the additional MUTEX
circuit MM, is also a logical low state. Moreover, the first
gate B1, and the second gate B2, function as a logical
product in this exemplary solution.

[0020] A further method for recognizing an order of sig-
nals, according to the invention, differs from the previous
ones in that, if to selected bits of the n-bit output digital
word B the default logical states are assigned by means
of the output module OM, starting from the bit having
index x, by, then to the bit having index x, by, of the n-bit
output digital word B a logical state one is assigned by
means of the output module OM, and to all possible less
significant bits b, _4, ..., by of the n-bit output digital word
B logical states zero are assigned by means of the output
module OM.

[0021] According to the invention, a system for recog-
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nizing an order of signals, in a first exemplary solution
(fig. 1), in a cell of an analog-to-digital converter, used to
determine a value of a bit having index x, b,, of an n-bit
output digital word B, comprises a main MUTEX circuit
MM,.. The main MUTEX circuit MM, is provided with a
setinput S, aresetinputR, afirstoutput Q1 and a second
output Q2. The set input S of the main MUTEX circuit
MM, is connected to an input of a source signal Sc,, and
the reset input R of the main MUTEX circuit MM, is con-
nected to an input of a reference signal Rf,. The first
output Q1 of the main MUTEX circuit MM, is connected
to a first control input C1 of a path configuration circuit
E,, whereas the second output Q2 of the main MUTEX
circuit MM, is connected to a second control input C2 of
the path configuration circuit E,. The input of the source
signal Sc, is furthermore connected to an input of a first
delay circuit Ty;4,, Whose outputis connected to an input
of a source path Scy, of the path configuration circuit E,.
On the other hand, the input of the reference signal Rf,
is connected to an input of a second delay circuit Ty,
whose output is connected to an input of areference path
Rf,, of the path configuration circuit E,. Propagation time
ty of the first delay circuit Ty, is equal to propagation
time ty, of the second delay circuit Tyy,, and is five times
longer than a nominal propagation delay ty of the main
MUTEX circuit MM,. The input of the source signal Sc,
is connected to a first input of a first gate B1,, whose
second input is connected to the input of the reference
signal Rf,. An output of the first gate B1, is in turn con-
nected to an input of an additional delay circuit Tp,,
whose output is connected to a reset input R of an addi-
tional MUTEX circuit MA,. Propagation time to of the ad-
ditional delay circuit Tpy is four times longer than the nom-
inal propagation delay ty of the main MUTEX circuit MM,
and is shorter than the propagation time t,; of the first
delay circuit Ty4, and of the second delay circuit Ty,
In this exemplary system the main MUTEX circuit MM,
and the additional MUTEX circuit MA, are known MUTEX
circuits including asynchronous RS flip-flops composed
of NAND logic gates and simple filters (fig.2). The first
output Q1 of the main MUTEX circuit MM, is connected
to a data input D, of an output module OM and to a first
input of a second gate B2,, whose second input is con-
nected to the second output Q2 of the main MUTEX cir-
cuit MM,. An output of the second gate B2, is in turn
connected to a setinput S ofthe additional MUTEX circuit
MA,, whose second output Q2 is connected to a priority
input Prt, of the output module OM. The output module
OM is furthermore provided with outputs of bits b, 4, ...,
bo of the n-bit output digital word B. In this exemplary
system, the first gate B1, and the second gate B2, are
OR logic gates.

[0022] In a second exemplary solution, the system for
recognizing an order of signals according to the invention
differs from the first one in that the main MUTEX circuit
MM, and the additional MUTEX circuit MA, are known
MUTEX circuits including asynchronous RS flip-flops
composed of NOR logic gates and inverted filters (fig. 3).
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Moreover, in this exemplary solution, the first gate B1,
and the second gate B2, are AND logic gates.

[0023] Recognitionof an order of signals implemented,
according to the invention, in the first exemplary system
(fig. 1) proceeds as follows. The MUTEX circuitindicates,
as the leading signal, the signal which enters its active
state earlier. It happens so, however, provided that both
signals do not enter their active states quasi-simultane-
ously. The first of the considered signals is the source
signal Sc,, and the second is the reference signal Rf,. In
the first exemplary system the active state is a logical
high state.

[0024] Inthe case where the source signal Sc, and the
reference signal Rf, do not enter their active states quasi-
simultaneously, a time interval AT separating activation
moments of these signals (fig. 4) has little effect on length
of a propagation delay tp (fig. 5) with which the main
MUTEX circuit MM, reacts on the appearance of the lead-
ing signal by activating one of its two outputs. The prop-
agation delay of the main MUTEX circuit MM, in such
case is equal or slightly larger than the nominal propa-
gation delay ty of the main MUTEX circuit MM, (fig. 5)
and is shorter than the propagation time to of the addi-
tional delay circuit T, (fig. 5). If the leading signal is the
source signal Sc,, then the first output Q1 of the main
MUTEX circuit MM, will be put into active state. If, how-
ever, the leading signal is the reference signal Rf,, then
the second output Q2 of the main MUTEX circuit MM,
will be put into active state. Later entering active state by
the second of the signals has no influence on the already
established state of the outputs of the main MUTEX cir-
cuit MM,. In the case where the leading signal is the
source signal Sc,, the active state of the first output Q1
of the main MUTEX circuit MM, fed to the first control
input C1 of the path configuration circuit E, causes a
reference delay, having length suitable for a given ana-
log-to-digital converter cell, to be included in a path of
the source signal Sc,. Simultaneously, a path of the ref-
erence signal Rf, will not include the reference delay.
Otherwise, when the leading signal is the reference sig-
nal Rf,, the active state of the second output Q2 of the
main MUTEX circuit MM, fed to the second control input
C2 of the path configuration circuit E,, causes the refer-
ence delay to be included in the path of the reference
signal Rf,. Simultaneously, the path of the source signal
SC, will not include the reference delay. The source sig-
nal Sc, and the reference signal Rf, are fed to, respec-
tively, the input of the source path Sc,, of the path con-
figuration circuit E, and the input of the reference path
Rf},, of the path configuration circuit E, through the first
delay circuit Ty4, and the second delay circuit Ty, re-
spectively. In the considered case the propagation delay
tp of the main MUTEX circuit MM, is shorter than the
propagation times ty, of the first delay circuit Ty;, and of
the second delay circuit Ty, (fig. 5). Therefore, each of
the signals reaches the input of its own path in the path
configuration circuit E, only when both paths have been
previously properly configured, what is necessary for
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proper operation of the analog-to-digital converter.
[0025] The length of the propagation delay tp of the
main MUTEX circuit MM, is always controlled by means
of the additional MUTEX circuit MA,. The beginning of
an interval of the propagation delay tp of the main MUTEX
circuit MM, is indicated by means of the first gate B1,,
whose output enters active state as a result of the ap-
pearance of the leading signal at either of the two inputs
of this gate. An output signal of the first gate B1, is de-
layed by means of the additional delay circuit Tp, and
eventually reaches the resetinput R of the additional MU-
TEX circuit MA,. The end of the interval of the propaga-
tion delay tp of the main MUTEX circuit MM, is indicated
by means of the second gate B2,, whose output enters
active state as a result of the appearance of the active
state at either of the two outputs of the main MUTEX
circuit MM,.. An output signal of the second gate B2, is
fed to the setinput S of the additional MUTEX circuit MA,,.
Propagation delays of the first gate B1, and of the second
gate B2, are identical and compensate each other. The
propagation delay tp of the main MUTEX circuit MM, is
in turn, in the considered case, shorter than the propa-
gation time to of the additional delay circuit Tp, (fig. 5).
Therefore, the setinput S of the additional MUTEX circuit
MA, will be put into active state first. Thereby, the active
state will eventually appear on an unused first output Q1
of the additional MUTEX circuit MA,. The second output
Q2 of the additional MUTEX circuit MA, will remain in
inactive state also when the active state of the additional
delay circuit Ty, eventually reaches the reset input R of
the additional MUTEX circuit MA,. Thereby the priority
input Prt, of the output module OM will be constantly kept
in inactive state and will not affect in any way the value
given to the bit b, by the output module OM. The value
of this bit will be only influenced by the state of the first
output Q1 of the main MUTEX circuit MM,, fed to the
data input D, of the output module OM. If the data input
D, of the output module OM is in inactive state, then a
logical state zero is assigned to the bit b, by means of
the output module OM. Otherwise, when the data input
D, of the output module OM is in active state, a logical
state one is assigned to the bit b, by means of the output
module OM.

[0026] Inthe case where the source signal Sc, and the
reference signal Rf, enter their active states quasi-simul-
taneously, the main MUTEX circuit MM, exhibits metast-
ability. The propagation delay tp of the main MUTEX cir-
cuit MM, rapidly increases (fig. 5) and becomes longer
than the propagation time to of the additional delay circuit
Tpx- The propagation delay tp of the main MUTEX circuit
MM, may then become longer than the propagation time
ty of the first delay circuit Tyy4, and of the second delay
circuit Tyypy (fig. 5). In such case the source signal Sc,
and the reference signal Rf, reach the input of the source
path Sc, of the path configuration circuit E, and the input
of the reference path Rf|,, of the path configuration circuit
E,, respectively, even before the active state appears on
one of the outputs of the main MUTEX circuit MM,,. Quasi-
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simultaneous: the source signal Sc, and the reference
signal Rf, therefore propagate through paths which have
not yet been properly configured by means of the path
configuration circuit E,. Analog-to-digital conversion al-
gorithm of the successive approximation method does
notanticipate such a situation, and its occurrence causes
falsification of the correct value of the determined output
digital word B. At the same time, however, quasi-simul-
taneity of the source signal Sc, and of the reference sig-
nal Rf, means that in the previously performed steps of
processing the positions of both signals have been al-
ready managed to align in the time domain, in addition,
with an accuracy better than the resolution of a given
converter. This situation can only occur when the meas-
ured time interval AT was initially quasi-equal to 1/2 of
the processing range, or 1/4 of the processing range, or
3/4 of the processing range, or 1/8 of the processing
range, etc.

[0027] So if the ideal analog-to-digital converter in
which the main MUTEX circuit MM, is completely metast-
ability-free, encountered quasi-simultaneity of the source
signal Sc, and of the reference signal Rf, in a processing
step used to determine the bit having index x by, then
such a converter in this processing step would include
the reference delay in a path of one of the signals, and
in each of subsequent processing steps it would include
the reference delays of twice decreasing lengths in a path
ofthe second of the signals, trying to realign the positions
of these signals in time domain. Therefore it is certain
that in the output digital word B of the ideal analog-to-
digital converter, values of the bit b, and of all possible
less significant bits b, _4, ..., bg must take one of two se-
quences: 0,1,1,...,10r1,0,0, ..., 0. Moreover, in case
the source signal Sc, and the reference signal Rf, enter
their active state simultaneously, both of the above se-
quences are equally likely. In the considered case, the
result of analog-to-digital conversion can therefore be
predicted with an accuracy to one, without carrying out
the remaining steps of this process or omitting their re-
sults, which will turn out to be falsified for the real con-
verter anyway due to metastability of the MUTEX circuit.
[0028] The metastability of the main MUTEX circuit
MM, is detected and signaled by means of the additional
MUTEX circuit MA,. In the considered case the propa-
gation delay tp of the main MUTEX circuit MM, is longer
than the propagation time ty; of the additional delay circuit
Tpy (fig. 5). Therefore, the reset input R of the additional
MUTEX circuit MA, will be put into active state first.
Thereby, the active state willappear on the second output
Q2 of the additional MUTEX circuit MA, and will be for-
warded to the priority input Prt, of the output module OM,
signaling the metastability of the main MUTEX circuit
MM, to the output module OM. As a result of the above,
the output module OM will immediately assign default
values to the bit b, and to all possible less significant bits
by.4, ..., by of the output digital word B. Moreover, starting
from this point of time, the output module OM will ignore
the state of its data input D,, both at that processing stage
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and at any subsequent processing stage. The output
module OM will therefore assign a logical state zero to
the bit b,, and the output module OM will assign logical
states one to all possible less significant bits by 4, ..., by
of the output digital word B. The final value of the output
digital word B will be equal to or one less than the value
of the output digital word B, which would be obtained in
an ideal analog-to-digital converter. In another exempla-
ry solution, the output module OM will assign a logical
state one to the bit by, and the output module OM will
assign logical states zero to all possible less significant
bits b, 4, ..., by of the output digital word B. In this solution,
the final value of the output digital word B will therefore
be equal to or one greater than the value of the output
digital word B, which would be obtained in an ideal ana-
log-to-digital converter.

[0029] In a particular case the propagation delay tp of
the main MUTEX circuit MM, is quasi-equal to the prop-
agation time to of the additional delay circuit Tp, (fig. 5).
The propagation delay tp of the main MUTEX circuit MM,
is therefore shorter than the propagation times ty; of the
first delay circuit Ty44 and the second delay circuit Tyoy
(fig. 5). Therefore, the source signal Sc, and the refer-
ence signal Rf, reach the input of the source path Sc,
of the path configuration circuit E, and the input of the
reference path Rf}, of the path configuration circuit E,,
respectively, only when the main MUTEX circuit MM, has
already put the appropriate control input of the path con-
figuration circuit E, into the active state. The source signall
Sc, and the reference signal Rf, therefore propagate
through paths configured properly and in advance as re-
quired. So the analog-to-digital conversion process is
working properly, and the output module OM can use the
state of the first output Q1 of the main MUTEX circuit
MM, to assign the appropriate value to the bit having
index x, by, of the output digital word B.

[0030] As in any case, the length of the propagation
delay tp of the main MUTEX circuit MM, is controlled by
means of the additional MUTEX circuit MA,. In the par-
ticular case under consideration, the propagation delay
tp of the main MUTEX circuit MM, is quasi-equal to the
propagation time to of the additional delay circuit T, (fig.
5). Therefore, the set input S of the additional MUTEX
circuit MA, and the resetinput R of the additional MUTEX
circuit MA, are put into their active states quasi-simulta-
neously, causing metastability of the additional MUTEX
circuit MA,. The result of it is a significant extension of
the propagation delay of the additional MUTEX circuit
MA, and the inability to unambiguously indicate the out-
put of the additional MUTEX circuit MA,,, which will even-
tually be put into active state. If the active state appears
on the unused first output Q1 of the additional MUTEX
circuit MA,, the priority input Prt, of the output module
OM will still be kept in inactive state by means of the
second output Q2 of the additional MUTEX circuit MA,.
The values of the bit having index x, b,, and of a part of
possible less significant bits b, 4, by, ..., of the output
digital word B, already determined as a result of the an-
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alog-to-digital conversion process, which is still running
correctly, will therefore be kept. If, however, the active
state eventually appears on the second output Q2 of the
additional MUTEX circuit MA,, then the priority input Prt,
of the output module OM will be put into active state,
signaling potential metastability of the main MUTEX cir-
cuit MM, to the output module OM. As a result of the
above, the output module OM will assign default values
to the bit b, and to all possible less significant bits b,_1,
..., bg of the output digital word B. Moreover, the output
module OM will ignore the state of its data input D,,, both
atthat processing stage and atany subsequent process-
ing stage. The output module OM will therefore assign a
logical state zero to the bit b,, and the output module OM
willassign logical states one to all possible less significant
bits by 4, ..., bg of the output digital word B. The value of
the output digital word B obtained in this way will be equal
to or one less than the value of the output digital word B,
that would be obtained by continuing the normal analog-
to-digital conversion process. In another exemplary so-
lution, the output module OM will assign a logical state
one to the bit b,, and the output module OM will assign
logical states zero to all possible less significant bits b, 4,
..., bg of the output digital word B. In this solution, the
final value of the output digital word B will therefore be
equal to or one greater than the value of the output digital
word B, that would be obtained by continuing the normal
analog-to-digital conversion process.
[0031] Recognitionofan order of signals implemented,
according to the invention, in the second exemplary sys-
tem proceeds in an identical manner as in the first exem-
plary system (fig. 1), with the only difference that the ac-
tive state is a logical low state.

Claims

1. A method for recognizing an order of signals, con-
sisting in detecting, by means of a main MUTEX cir-
cuit, executed during an analog-to-digital conversion
step used to determine a value of a bit having index
x of an n-bit output digital word, that a source signal
was the first to enter its active state, or that a refer-
ence signal was the first to enter its active state, and
signaling by means of a first output of the main MU-
TEX circuit to a path configuration circuit that the
source signal was the first to enter its active state,
or signaling by means of a second output of the main
MUTEX circuit to the path configuration circuit, that
the reference signal was the first to enter its active
state, wherein the source signal is fed by means of
a first delay circuit to an input of a source path of the
path configuration circuit and simultaneously the ref-
erence signal is fed by means of a second delay
circuit to an input of a reference path of the path
configuration circuit, wherein propagation time of the
first delay circuit is equal to propagation time of the
second delay circuit and is longer than a nominal
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propagation delay of the main MUTEX circuit, char-
acterized in that metastability of the main MUTEX
circuit (MM, ) is detected by means of an additional
MUTEX circuit (MA,), by controlling the delay with
which the first output (Q1) of the main MUTEX circuit
(MM,) or a second output (Q2) of the main MUTEX
circuit (MM, ) is put into active state by means of the
main MUTEX circuit (MM,), relative to the time in
which the source signal (Sc,) was the first to enter
its active state or the reference signal (Rf,) was the
first to enterits active state, wherein the metastability
of the main MUTEX circuit (MM,) is signaled by
means of the additional MUTEX circuit (MA,) by
bringing a second output (Q2) of the additional MU-
TEX circuit (MAX) into active state, whereas entering
active state by the source signal (Sc,) or entering
active state by the reference signal (Rf,) is detected
by means of a first gate (B1,) and is signaled by
means of an additional delay circuit (Tp,) to the ad-
ditional MUTEX circuit (MA,), bringing a reset input
(R) of the additional MUTEX circuit (MA,) into active
state, wherein propagation time (to) of the additional
delay circuit (Tp,) is shorter than the propagation
time (t),) of the first delay circuit (ty;4,) and simulta-
neously is longer than the nominal propagation delay
(ty) of the main MUTEX circuit (MM, ), whereas en-
tering active state by the first output (Q1) of the main
MUTEX circuit (MMXx) or entering active state by the
second output (Q2) of the main MUTEX circuit (MM, )
is detected and is signaled by means of a second
gate (B2,) to the additional MUTEX circuit (MA,),
bringing a set input (S) of the additional MUTEX cir-
cuit (MA,) into active state, whereas to the bit having
index x (b,) of the n-bit output digital word (B) a value
is assigned by means of an output module (OM) in
such a way that if during the analog-to-digital con-
version step used to determine the value of the bit
having index x (b,) of the n-bit output digital word (B)
metastability of the main MUTEX circuit (MM, ) is sig-
naled by means of the additional MUTEX circuit
(MA,) and a priority input (Prt,) of the output module
(OM) is put into active state by means of the second
output (Q2) of the additional MUTEX circuit (MA,),
then to the bit having index x (b,) and to all possible
less significant bits (b, 4, ..., bg) of the n-bit output
digital word (B) default logical states are assigned
by means of the output module (OM) and simulta-
neously the state indicated by means of the first out-
put (Q1) of the main MUTEX circuit (MM,) to a data
input (D) of the output module (OM) is ignored by
the output module (OM) during this and any subse-
quent analog-to-digital conversion steps, if, howev-
er, during the analog-to-digital conversion step used
to determine the value of the bit having index x (b,)
of the n-bit output digital word (B) metastability of the
main MUTEX circuit (MMXx) is not signaled by means
of the additional MUTEX circuit (MA,) and the priority
input (Prt,) of the output module (OM) is kept in in-
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active state by means of the second output (Q2) of
the additional MUTEX circuit (MA,) and metastability
is not signaled during any of possible earlier analog-
to-digital conversion steps used to determine values
of more significant bits (b,,_4, ..., by, 1) of the n-bit out-
put digital word (B), then to the bit having index x
(by) of the n-bit output digital word (B) a logical state
according to the state of the data input (D,) of the
output module (OM) is assigned by means of the
output module (OM), in such a way that if the data
input (D, ) of the output module (OM) is put into active
state by means of the first output (Q1) of the main
MUTEX circuit (MM,), then to the bit having index x
(b,) of the n-bit output digital word (B) a logical state
oneis assigned by means of the output module (OM),
and otherwise, when the data input (D, ) of the output
module (OM) is kept in the inactive state by means
of the first output (Q1) of the main MUTEX circuit
(MMx), to the bit having index x (b, ) of the n-bit output
digital word (B) a logical state zero is assigned by
means of the output module (OM).

The method according to claim 1, characterized in
that the active state of the source signal (Sc,), of the
reference signal (Rfy), of the first output (Q1) of the
main MUTEX circuit (MM, ) and of the second output
(Q2) of the main MUTEX circuit (MM, ) as well as of
a first output (Q1) of the additional MUTEX circuit
(MA,) and of the second output (Q2) of the additional
MUTEX circuit (MM,) is a logical high state, whereas
by means of the first gate (B1) and by means of the
second gate (B2) alogical OR function is implement-
ed.

The method according to claim 1, characterized in
that the active state of the source signal (Sc,), of the
reference signal (Rfy), of the first output (Q1) of the
main MUTEX circuit (MM, ) and of the second output
(Q2) of the main MUTEX circuit (MM, ) as well as of
the first output (Q1) of the additional MUTEX circuit
(MA,) and of the second output (Q2) of the additional
MUTEX circuit (MM, ) is a logical low state, whereas
by means of the first gate (B1) and by means of the
second gate (B2) a logical AND function is imple-
mented.

The method according to claim2 or 3, characterized
in that the default logical states are assigned by
means of the output module (OM) to selected bits of
the n-bit output digital word (B) in such a way that to
the bit having index x (b,) of the n-bit output digital
word (B) a logical state zero is assigned by means
of the output module (OM), and to all possible less
significant bits (b, _, ..., by) of the n-bit output digital
word (B) logical states one are assigned by means
of the output module (OM).

The method according to claim2 or 3, characterized
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in that the default logical states are assigned by
means of the output module (OM) to selected bits of
the n-bit output digital word (B) in such a way that to
the bit having index x (b,) of the n-bit output digital
word (B) a logical state one is assigned by means
of the output module (OM), and to all possible less
significant bits (b, _4, ..., by) of the n-bit output digital
word (B) logical states zero are assigned by means
of the output module (OM).
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