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Description

[0001] The subject of this invention is a method and
an apparatus for clockless conversion of a time interval
to a digital word that that can be applied in monitoring
and control systems.

[0002] The method for the anachronous conversion of
a voltage value to a digital word known from
WO/2011/152744 consists in mapping a converted time
interval to a portion of electric charge proportional to this
time interval. A given portion of charge is delivered by
the use of the current source during the converted time
interval and is accumulated in the sampling capacitor.
Accumulation of electric charge is realized until the end
of the time interval is detected. Then, the accumulated
electric charge is submitted to the process of redistribu-
tion by deploying the charge in the array of capacitors
while a capacitance value of each capacitor of a given
index is twice as high as a capacitance value of a capac-
itor of the previous index. During the process of redistri-
bution, the accumulated electric charge is deployed in
the capacitors in the array in a way that the obtained
voltage equals zero, or equals the reference voltage on
each capacitor or on each capacitor with the possible
exception of one of capacitors. The course of the process
of redistribution is controlled by means of the control mod-
ule on the basis of output signals of the first and of the
second comparator. Electric charge is delivered during
the process of its accumulation by the use of the first
currentsource and is transferred between capacitors dur-
ing the process of its redistribution by the use of the sec-
ond current source. By means of the control module, the
value one is assigned to these bits in the digital word that
correspond to capacitors on which voltage equal to the
reference voltage value has been obtained and the value
zero is assigned to the other bits in the digital word.
[0003] Inone of variants of this solution, electric charge
is accumulated simultaneously in the sampling capacitor
and in the capacitor of the highest capacitance value in
the array of capacitors which is connected to the sampling
capacitor in parallel.

[0004] The apparatus for the asynchronous conver-
sion of a time interval to a digital word is also known from
WO/2011/152744. This apparatus comprises the array
of capacitors whose control inputs are connected to the
set of control outputs of the control module. The control
module is equipped with the digital output, the complete
conversion signal output, the time interval signal input
and two contral inputs. The first control input of the control
module is connected to the output of the first comparator
whose inputs are connected to one pair of outputs of the
array of capacitors. The other control input of the control
module is connected to the output of the second compa-
rator whose inputs are connected to the other pair of out-
puts of the array. Furthermore, the voltage supply, the
source of auxiliary voltage together with the source of
the reference voltage, the sampling capacitor and two
controlled current sources whose control inputs are con-
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nected to the relevant control outputs of the control mod-
ule. The array of capacitors comprises on-off switches,
change-over switches and the array of capacitors whose
number equals the number of bits in the digital word and
a capacitance value of a capacitor of a given index is
twice as high as a capacitance value of a capacitor of
the previous index. The top plate of the sampling capac-
itor and the top plate of each capacitor in the array of
capacitors are connected through the first on-off switch
to the first rail and/or through the second on-off switch to
the second rail and the bottom plate is connected through
a change-over switch to ground of a circuit or to the
source of auxiliary voltage. The first rail is connected to
ground of the circuit through the first rail on-off switch
and to the non-inverting input of the second comparator
whose inverting input is connected to the source of the
reference voltage. The second rail is connected to the
inverting input of the first comparator whose non-invert-
ing input is connected to the source of auxiliary voltage.
The controlinputs of the first on-off switches and the con-
trol inputs of the change-over switches in the array of
capacitors are coupled together and connected appro-
priately to the control outputs of the control module while
the control inputs of the second on-off switches and the
control input of the first on-off switch are connected ap-
propriately to the control outputs of the control module.
The one end of the first current source is connected to
the voltage supply and the one end of the second current
source is connected to the second rail. The other end of
the first current source and the other end of the second
current source are connected to the first rail.

[0005] Inone of variants of the abovementioned appa-
ratus, the sampling capacitor whose capacitance value
is not smaller than the capacitance value of the capacitor
having the highest capacitance value in the array of ca-
pacitors is connected in parallel to the capacitor of the
highest capacitance value in the array of capacitors. The
conversion of a time interval to the digital word is realized
by changing states of signals from the relevant control
outputs by means of the control module.

[00606] The invention relates to a method for clockless
conversion of time interval to digital word according to
claim 1 and to an apparatus for clockless conversion of
time interval to digital word according to claim 5.

[0007] Accordingtotheinvention,the methodforclock-
less conversion of atime interval to a digital word consists
in that the beginning and the end of a time interval are
detected by the use of the control module and this time
interval is mapped by a portion of electric charge which
is proportional to this time interval. Electric charge is de-
livered during the converted time interval by the use of
the current source and accumulated in the sampling ca-
pacitor, or in the sampling capacitor and in the capacitor
of the highest capacitance value in the array of redistri-
bution. Then, the process of redistribution of the accu-
mulated electric charge is realized in the array of redis-
tribution in a known way by changing states of signals
from the relevant control outputs by the use ofthe control
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module and the relevant values are assigned to bits in
the digital word by means of the control module. The
array of redistribution comprises the set of on-off switch-
es, the set of change-over switches and the set of ca-
pacitors while a capacitance value of each capacitor of
a given index is twice as high as a capacitance value of
a capacitor of the previous index.

[0008] The essence of the method, according to the
invention, consists in that as soon as accumulation of
electric charge is terminated in the sampling capacitor,
or in the sampling capacitor and in the capacitor of the
highest capacitance value in the array of redistribution,
which is connected to the sampling capacitor in parallel,
and as soon as the beginning of next time interval is de-
tected by means of the control module, electric charge
is delivered by the use of the current source and accu-
mulated in an additional sampling capacitor. Next the
process of redistribution of electric charge accumulated
in the additional sampling capacitor is realized and the
relevant values are assigned to bits in the digital word by
means of the control module. The accumulation of elec-
tric charge in the additional sampling capacitor, the proc-
ess of redistribution of electric charge accumulated in the
additional sampling capacitor and assignment of the rel-
evant values to bits in the digital word by means of the
controlmodule are realized as forthe sampling capacitor.
[0009] Inthis method, itis possible that as soon as the
accumulation of electric charge is terminated in the ad-
ditional sampling capacitor and as soon as the beginning
of the time interval is detected by means of the control
module, the next cycle begins and electric charge is de-
livered by the use of the current source and accumulated
again in the additional sampling capacitor, or in the sam-
pling capacitor and in the capacitor of the highest capac-
itance value in the array of redistribution, which is con-
nected to the sampling capacitor in parallel.

[0010] In this method, it is possible that in a period of
time when electric charge is delivered by the use of the
current source and accumulated in the additional sam-
pling capacitor, a part of delivered electric charge is ac-
cumulated simultaneously in the additional capacitor
having the highest capacitance value in the array of re-
distribution which is connected to the additional sampling
capacitor in parallel. A capacitance value of the additional
capacitor having the highest capacitance value in the ar-
ray of redistribution equals the capacitance value of the
capacitor having the highest capacitance value in the ar-
ray of redistribution.

[0011] In this method, it is also possible that as soon
as the process of redistribution is terminated, the portion
of electric charge, accumulated in the last of capacitors
on which reference voltage had not been reached when
the process of redistribution was realized, is conserved.
This portion of electric charge is taken into account when
the next process of redistribution is realized.

[0012] Theapparatus, accordingtotheinvention, com-
prises the array of redistribution whose control inputs are
connected to control outputs of the control module. The
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control module is equipped with the digital output, the
complete conversion signal output, the trigger input, the
first control input which is connected to the output of the
first comparator and the other control input which is con-
nected to the output of the second comparator. The
source of auxiliary voltage, the section of the sampling
capacitor and the second controlled current source are
connected to the array of redistribution and the control
input of the second controlled current source is connect-
ed to the output controlling the second current source.
The one end of the second current source is connected
to the source rail and the other end of the second current
source is connected to the destination rail. The voltage
supply is connected to the one end of the first current
source whose control input is connected to the output
controlling the first current source. The array of redistri-
bution comprises the sections whose humber equals the
number of bits in the digital word. The section of the sam-
pling capacitor and each section of the array of redistri-
bution comprises the source on-off switch, the destina-
tion on-off switch, the ground change-over switch and at
least one capacitor. The top plate ofthe sampling capac-
itor and the top plate of each capacitor in the array of
redistribution is connected through the source on-off
switch to the source rail and/or to the destination rail
through the destination on-off switch and the bottom plate
is connected through the ground change-over switch to
ground of the circuit or to the source of auxiliary voltage.
In the array of redistribution, a capacitance value of each
capacitor of a given index is twice as high as a capaci-
tance value of a capacitor of the previous index. The des-
tination rail is connected through the destination rail on-
off switch to ground of the circuit and is also connected
to the non-inverting input of the second comparator
whose inverting input is connected to the source of the
reference voltage. The source rail is connected to the
inverting input of the first comparator whose non-invert-
ing input is connected to the source of auxiliary voltage.
The control inputs of the source on-off switches and the
control input of the destination rail on-off switch are con-
nected appropriately to control outputs of the control
module. The control inputs of destination on-off switches
and the control inputs of the ground change-over switch-
es are coupled together and connected appropriately to
the control outputs of the control module.

[0013] A significant innovation of the apparatus is that
the other end of the first current source is connected to
the section of the sampling capacitor comprising the ad-
ditional sampling capacitor, the top plate change-over
switches and the bottom plate change-over switches.
The top plate of the sampling capacitor and the top plate
of the additional sampling capacitor are connected to the
source on-off switch and to the destination on-off switch
or to the other end of the first current source through the
top plate change-over switches. The bottom plate of the
sampling capacitor and the bottom plate of the additional
sampling capacitor are connected to the ground change-
over switch or to ground of the circuit though the bottom
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plate change-over switches. The control inputs of the top
plate change-over switches and the control inputs of the
bottom plate change-over switches are coupled together
and connected to the output controlling change-over
switches of the plates.

[0014] It is advantageous if at least one section of the
array of redistribution comprises the additional capacitor
and the top plate change-over switches and the bottom
plate change-over switches. The top plate of the capac-
itor and the top plates of the additional capacitor of such
section are connected to the source on-off switch and to
the destination on-off switch or to the other end of the
first current source through the top plate change-over
switches. The bottom plate of the capacitor and the bot-
tom plate of the additional capacitor of such section are
connected to the ground change-over switch orto ground
of the circuit through the bottom plate change-over
switches. The controlinputs of the change-over top plate
switches and the control inputs of bottom plate change-
over switches are coupled together and connected to the
output controlling change-over switches of the plates.
[0015] It is advantageous if the capacitance values of
the sampling capacitor and of the additional sampling
capacitor are not smaller than the capacitance value of
the capacitor having the highest capacitance value in the
array of redistribution.

[0016] Itis also advantageous if the capacitance value
of the additional capacitor in the array of redistribution
equals appropriately the capacitance value of the capac-
itor in the array of redistribution.

[0017] Due to the accumulation of a portion of charge
representing the next converted time interval in the ad-
ditional sampling capacitor, it is possible to realize a con-
version of two successive time intervals without a need
to introduce a break to realize the process of redistribu-
tion of a portion of charge representing the previous time
interval and to realize the relaxation phase. The accu-
mulation of a portion of electric charge representing the
next converted time interval in the additional sampling
capacitor is realized simultaneously to the process of re-
distribution of the portion of charge representing the pre-
vious time interval and accumulated previously in the
sampling capacitor.

[0018] In this way, the results of each conversion are
presented with minimal delay equal to the time of reali-
zation of the process of charge redistribution. Moreover,
the realization of actions related to the conversions of
both time intervals by the same control module, by the
array of redistribution, by the set of comparators and by
the set the current sources contributes to a reduction of
amount of energy consumed per single conversion by
the apparatus and in this way increases energy efficiency
of its operation. A start of a new conversion cycle after
the detection of the end of the actual time interval enables
the conversion of two successive time intervals by means
of a single apparatus.

[0019] A use of a parallel connection of the additional
capacitor having the highest capacitance value in the ar-
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ray of redistribution to the additional sampling capacitor
allows the required capacitance value of the sampling
capacitor to be reduced twice and enables a significant
reduction of area occupied by a converter produced in a
form of the monolithic integrated circuit. Due to a parallel
connection of the additional sampling capacitor to the
additional capacitor having the highest capacitance val-
ue in the array of redistribution, the maximum voltage
value created on the additional sampling capacitor hav-
ing the reduced capacitance value is not increased. Fur-
thermore the time of realization of redistribution of
charge, accumulatedin the additional sampling capacitor
and in the additional capacitor having the highest capac-
itance value in the array of redistribution connected to
the additional sampling capacitor in parallel, is smaller
at least by 25%.

[0020] Conserving in the apparatus a small portion of
charge which has not been taken into consideration in
the value of a digital word is also an advantage. The
inclusion ofthe abovementioned portion of charge during
the process of redistribution of the subsequent accumu-
lated charge portion together with elimination of the need
to introduce breaks between consecutive conversions
causes that the sum of digital words representing a se-
guence of converted time intervals with the resolution
defined by the quantization error.

[0021] The subject of the invention is explained in the
exemplary realizations by means of figures where the
apparatus is shown at different phases of conversion
process represented by different states of on-off switches
and change-over switches:

Fig. 1 illustrates the schematic diagram of the appa-
ratus in the phase of relaxation befare the beginning
of the conversion process.

Fig. 2 illustrates the schematic diagram of the appa-
ratus during accumulation of electric charge in the
sampling capacitor C,,.

Fig. 3illustrates the schematic diagram at the begin-
ning of redistribution of charge accumulated in the
sampling capacitor C,,.

Fig. 4 illustrates exemplary sequence of converted
time intervals.

Fig. 5 illustrates exemplary sequence of converted
time intervals which occur immediately after them-
selves.

Fig. 6 illustrates the schematic diagram of the appa-
ratus during the charge transfer from the source ca-
pacitor C, to the destination capacitor C,.

Fig. 7 illustrates the schematic diagram at the begin-
ning of redistribution of charge accumulated in the
additional sampling capacitor C 4.
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Fig. 8 illustrates the schematic diagram of the appa-
ratus in the phase of relaxation before the beginning
of the conversion process.

Fig. 9 illustrates the schematic diagram during ac-
cumulation of charge in the sampling capacitor C,
and in the capacitor C, { which is connected to the
sampling capacitor C,, in parallel.

Fig. 10 illustrates the schematic diagram at the be-
ginning of redistribution of charge accumulated in
the sampling capacitor C,, and in the capacitor C,, 4.

Fig. 11 illustrates the schematic diagram at the be-
ginning of redistribution of charge accumulated in
the additional sampling capacitor C,5 and in the ad-
ditional capacitor C,_14. According to the invention,
the method for clockless conversion of atime interval
to a digital word consists in that the beginning and
the end of the time interval T, are detected by the
use of the control module CM and this time interval
is mapped by a portion of electric charge which is
proportional to that converted time interval. Electric
charge is delivered by the use of the first current
source | during the time interval T, and accumulated
in the sampling capacitor C,. Then, the process of
redistribution of the accumulated charge is realized
inthe array of redistribution A by means of the control
module CM by changing the states of the signals
from the relevant control outputs and the relevant
values are assigned to the bits b,_4, b,,o, ..., by, by
in digital word by means of the control module CM.
The array of redistribution A comprises the set of on-
off switches, the set of change-over switches and
the set of capacitors while a capacitance value of a
capacitor of a given index is twice as high as a ca-
pacitance value of a capacitor of the previous index.

[0022] As soon as accumulation of charge in the sam-
pling capacitor C,, is terminated and when the beginning
of next time interval T,,4 is detected by means of the
control module CM, the charge is delivered by the use
of the first current source | and accumulated in the addi-
tional sampling capacitor C 5. Next, the process of re-
distribution of charge accumulated in the additional sam-
pling capacitor C, 5 is realized and the relevant values
are assigned to the bits b, 4, b, 5, ..., b4, by in the digital
word by means of the control module CM. The accumu-
lation of charge in the additional sampling capacitor C, 5,
the process of redistribution of charge accumulated in
the additional sampling capacitor C,, and the assign-
ment of relevant values to the bits b, ¢, b,,o, ..., by, bgin
the digital word are realized in the same way as for the
sampling capacitor C,.

[0023] The another exemplary solution is character-
ized in that as soon as accumulation of electric charge
in the additional sampling capacitor C,, is terminated
and when the beginning of the subsequent time interval
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T,+o is detected by means of the control module CM, the
next cycle begins and the charge is delivered by the use
of the first current source | and accumulated in the sam-
pling capacitor C,, again.

[0024] The another exemplary solution is character-
ized in that during the next time interval T,,, when the
charge is delivered by the use of the first current source
| and accumulated in the additional sampling capacitor
C,a, @ part of delivered charge is accumulated simulta-
neously in the additional capacitor C,,_{5 having the high-
est capacitance value in the array of redistribution which
is connected to the additional sampling capacitor C, 5 in
parallel. The capacitance value of the additional capac-
itor C,_4a having the highest capacitance value in the
array of redistribution is equal to the capacitance value
of the capacitor C,_{ having the highest capacitance val-
ue in the array of redistribution.

[0025] The another exemplary solution is character-
ized in that as soon as the process of redistribution is
terminated in the last of capacitors on which reference
voltage U had not been reached when the process of
redistribution is realized, the charge accumulated in the
last of capacitors is conserved.

[0026] In detail, the abovementioned process of redis-
tribution in the exemplary solution is presented as fol-
lows.

[0027] As soon as accumulation of electric charge in
the sampling capacitor C, is terminated, the function of
the source capacitor C;, whose index is defined by the
content of the source index register, is assigned by
means of the control module CM to the sampling capac-
itor C,, by writing the value of the index of the sampling
capacitor C,, to this register. Simultaneously, the function
of the destination capacitor C,, whose index is defined
by the content of the destination index register, is as-
signed by means of the control module CM to the capac-
itor C,,_1 having the highest capacitance value in the array
of redistribution by writing the value of the index of the
capacitor C,_4 to this register. Then, the process of re-
distribution of the accumulated charge is realized by
transfer of the charge from the source capacitor C; to the
destination capacitor C, by the use of the second current
source J having the effectiveness twice as high as the
effectiveness of the first current source 1.

[0028] At the same time, the voltage U, increasing on
the destination capacitor C, is compared to the reference
voltage U, by the use of the second comparator K2, and
also the voltage U; on the source capacitor C, is observed
by the use of the first comparator K1.

[0029] When the voltage U, on the source capacitor C;
observed by the use of the first comparator K1 equals
zero during the charge transfer, the function ofthe source
capacitor C; is assigned to the current destination capac-
itor C, by means of the control module CM on the basis
of the output signal of the first comparator K1 by writing
the current content of the destination index register to
the source index register, and the function of the desti-
nation capacitor C is assigned to the subsequent capac-



9 EP 2 624 077 B1 10

itor in the array of redistribution A whose capacitance
value is twice lower than the capacitance value of the
capacitor that acted as the destination capacitor directly
before by reducing the content of the destination index
register by one, and the charge transfer from a new
source capacitor C, to a new destination capacitor C, is
continued by the use of the second current source J.
[0030] When the voltage U, on the destination capac-
itor C, observed by the use of the second comparator K2
equals the reference voltage U, during the transfer of
charge from the source capacitor C; to the destination
capacitor Cy, the function of the destination capacitor C,
is assigned by means of the control module CM on the
basis of the output signal of the second comparator K2
to the subsequent capacitor in the array of redistribution
A whose capacitance value is twice lower than the ca-
pacitance value of the capacitor that acted as the desti-
nation capacitor directly before by reducing the content
of the destination index register by one, and also the
charge transfer from the source capacitor C, to a new
destination capacitor C, is continued.

[0031] The process of redistribution is still controlled
by means of the control module CM on the basis of the
output signals of both comparators (K1 and K2) until the
voltage U; on the source capacitor C; observed by the
use of the first comparator K1 equals zero during the
period of time when the function of the destination ca-
pacitor Cy is assigned to the capacitor Cj having the low-
est capacitance value in the array of redistribution, or the
voltage U increasing on the capacitor Cg having the low-
est capacitance value in the array of redistribution and
observed at the same time by the use of the second com-
parator K2 equals the reference voltage U_. The value
one is assigned to the bits in the digital word correspond-
ing to the capacitors in the array of redistribution on which
the voltage equal to the reference voltage value U has
been obtained, and the value zero is assigned to the other
bits by means of the control module CM.

[0032] According to the invention, the apparatus for
clockless conversion of the time interval to the digital
word comprises the array of redistribution A whose con-
trolinputs are connected to control outputs of the control
module CM. The control module CM is equipped with the
digital output B, the complete conversion cutput OutR,
the time interval signal input InT, the first control input
In1 connected to the output of the first comparator K1
and the other control input In2 connected to the output
of the second comparator K2. The source of auxiliary
voltage Uy, the section of the sampling capacitor A, and
the second controlled current source J having the effec-
tiveness twice as high as the effectiveness of the first
current source | are connected to the array of redistribu-
tion A. The control input of the second current source J
is connected to the output controlling the current source
AJ. The one end of the second current source J is con-
nected to the sourcerail Hand the other end of the second
current source J is connected to the destination rail L.
The voltage supply Upp is connected to the one end of
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the first current source | whose control input is connected
to the output controlling the first current source A,.
[0033] The array of redistribution comprises the sec-
tions whose number n equals the number of bits in the
digital word. The section of the sampling capacitor A,
and the sections of the array of redistribution A comprise
the source on-off switches Sy, 14,1, SHn2s -+ SH1» SHo»
the destination on-off switches S| ,; S| .1, S_h-2, -+ SL1»
S|, the ground change-over switches Sg,; Sgp.1,
Sgn-2: - Sg1, Sgg and the capacitors C;; Cj,.1, C 0, ..,
C,4. Cg- The top plates of the capacitors C,, 4,C,,, ..., Cy,
C, of the array of redistribution are connected to the
source rail H through the source on-off switches Sy, 4,
SHn2, ---» SH1» SHe and to the destination rail L through
the destination on-off switches S|4, S| .2, -, S_1, SLo-
The bottom plates of these capacitors are connected to
ground of the circuit and to the source of auxiliary voltage
Uy through the ground change-over switches Sg, 4,
Sgna - Sg1» Sgo- In the array of redistribution A, a ca-
pacitance value of each capacitor C .1, C., ..., Cq, Cq
of a given index is twice as high as a capacitance value
of a capacitor of the previous index. The capacitance
value of the sampling capacitor C,, is twice as high as the
capacitance value of the capacitor C,_{ having the high-
est capacitance value in the array of redistribution. The
relevant bit b,,_1, b0, ..., by, by in the digital word is as-
signed to each capacitorC,_,C, 5, ..., C4, Cginthe array
of redistribution. The destination rail L is connected
through the destination rail on-off switch Sg,; to ground
of the circuit and is also connected to the non-inverting
input of the second comparator K2 whose inverting input
is connected to the source of the reference voltage U, .
The source rail H is connected to the inverting input of
the first comparator K1 whose non-inverting inputis con-
nected to the source of auxiliary voltage Uy,. The control
inputs of the source on-off switches Sy,; Sy.1, Spp.or -
SH1, Sho and the control inputs of the destination rail on-
off switch S, are connected appropriately to the control
outputs D,;; D1, Do, ..., Dy, Dg; Dyy- The control inputs
of the destination on-off switches S| ,;; S ,,.1, S_n2s -
8.1, S| and the control inputs of the ground change-
overswitches Sg,; Sgn1> Sgna: - Sg1» Sgg are coupled
together and connected appropriately to the control out-
puts I;; 1,4, lheas sy 1qy Lo

[0034] The otherend ofthe first current source lis con-
nected to the section of the sampling capacitor A, com-
prising the additional sampling capacitor C, 5, the top
plate change-over switches Sy, S1,5 and the bottom
plate change-over switches Sg,,, Sg,,a. The capacitance
value of the additional sampling capacitor C_, is equal
to the capacitance value of the sampling capacitor C,..
The top plate of the sampling capacitor C,, and the top
plate of the additional sampling capacitor C, 5 are con-
nected to the source on-off switch S, to the destination
on-off switch S|, and to the other end of the first current
source | through the top plate change-over switches Sy,,,
Stha- The bottom plates of the sampling capacitor C,,
and the bottom plates of the additional sampling capac-
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itor C,5 are connected to the ground change-over switch
Sg, and to ground of the circuit through the bottom plate
change-over switches Sg,,, Sg,a. The control inputs of
the top plate change-over switches S+, St,4 and the
control inputs of the bottom plate change-over switches
Sgn, Sgpa are coupled together and connected to the
output controlling the change-over switches of the plates
Ac. The source on-off switch Sy, is connected to the
source rail H, the destination on-off switch S, is con-
nected to the destination rail L and the ground change-
over switch S, is connected to ground of the circuit and
to the source of auxiliary voltage Uy,

[0035] In the another exemplary solution, the section
of the capacitor C,,_1 having the highest capacitance val-
ue in the array of redistribution comprises the additional
capacitor C,,_15 having the highest capacitance value in
the array of redistribution, the top plate change-over
switches St,,_¢, S1,,.14 and the bottom plate change-over
switches Sg,, 1, Sg,.1a- The capacitance value of the ad-
ditional capacitor C,,_15 having the highest capacitance
value in the array of redistribution is equal to the capac-
itance value of the capacitor C,,_; having the highest ca-
pacitance value in the array of redistribution. The top
plates of the capacitor C, 4 having the highest capaci-
tance valuein the array of redistribution and the top plates
of the additional capacitor C,_15 having the highest ca-
pacitance value in the array of redistribution are connect-
ed to the source on-off switch Sy, 4, to the destination
on-off switch S , 1 and to the other end of the first current
source | through the top plate change-over switches
Stn-1s Stno1a- The bottom plates of the capacitor C,,_4
having the highest capacitance value in the array of re-
distribution and the top plates of the additional capacitor
C,,.1a having the highest capacitance value in the array
of redistribution are connected to the ground change-
over switch Sg, 4 and to ground of the circuit through the
bottom plate change-over switches Sg,, 4 Sg,.qa- The
control inputs of the top plate change-over switches
Stn-1: SThoqa @nd the control inputs of the bottom plate
change-over switches Sg,,_¢, Spg,,.14 are coupled together
and connected to the output controlling the change-over
switches of the plates A,

[0036] The method for conversion of a time interval to
the digital word, according to the invention, is presented
in the first exemplary apparatus as follows. Before the
first process of conversion of a time interval to the digital
word having the number of bits equal to n, the control
module CM introduces the complete conversion output
OutR to the inactive state. The control module CM by the
use of the signal from the output controlling the first cur-
rent source A; causes the switching off the first current
source | and by the use of the signal from the output
controlling the second current source A; causes the
switching off the second current source J. By the use of
the signal from the output controlling the change-over
switches of the plates A¢, the control module CM causes
the switching of the top plate change-over switches St
Stna and of the bottom plate change-over switches Sg,,
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Sgpa and the connection of the top plate of the sampling
capacitor C,, to the source on-off switch S, and to the
destination on-off switch S|, the connection of the top
plate of the additional sampling capacitor C,, 5 to the other
end of the first current source |, the connection of the
bottom plate of the sampling capacitor C,, to the ground
change-overswitch Sg, and the connection of the bottom
plate of the additional sampling capacitor C, 4 to ground
of the circuit. Next, the control module CM introduces the
apparatus into the relaxation state shown infig.1. There-
fore, the control module CM causes the opening of the
source on-off switches Sy, 1, Syp.2, ---» Syq, Spg by the
use of the signals from the control outputs D, 4, D, 5, ...,
Dy, Dg. Furthermore, by the use of the signals from the
control outputs 1,;; 1.1, }1.2,--., I4, lg, the control module
CM causes the closure of the destination on-off switches
S Sints Sins -0 S1> S g and the connection of the
top plate of the sampling capacitor C,, and the top plates
of all the capacitors C, 4, C,,,, ..., C4, C4 in the array of
redistribution to the destination rail L, the switching of the
ground change-over switches Sg,; Sg.1, Sgn-2s - Sg1»
Sgg and the connection of the bottom plate of the sam-
pling capacitor C,, and the bottom plates of all the capac-
ftors C,_1, Cp.a, -, Cq, Gy in the array of redistribution to
ground of the circuit. By the use of the signal from the
control output Dy, the control module CM causes the
closure of the destination rail on-off switch Sg, and the
connection of the destination rail L to ground of the circuit
enforcing a complete discharge of the sampling capacitor
C,, and of all the capacitors C, 4, C, 5, ..., C4, Cyin the
array of redistribution. At the same time, by the use of
signal from the control output D,,, the control module CM
causes the closure of the source on-off switch S, and
the connection of the source rail H to the destination rail
L and to ground of the circuit which prevents the occur-
rence of a random potential on the source rail H.

[0037] As soon as the beginning of the time interval T,
is detected on the time interval signal input InT by the
module CM, the apparatus is introduced into the state
shown in fig. 2 by the use of the module CM. Therefore,
by the use of the signal from the output controlling the
change-over switches of the plates A, the control mod-
ule CM causes the switching of the top plate change-over
switches St,, St,a and switching of the bottom plate
change-over switches Sg,,, Sg,4 and the connection of
the top plate of the sampling capacitor C,, to the other
end of the first current source |, the connection of the top
plate of the additional sampling capacitor C,, to the
source on-off switch Sy, and to the destination on-off
switch S ,, the connection of the bottom plate of the sam-
pling capacitor C,, to ground of the circuit and the con-
nection of the bottom plate of the additional sampling
capacitor C, to the ground change-over switch Sg, en-
forcing a complete discharge of the additional sampling
capacitor C, 5. Next, the control module CM by the use
of the signal from the output controlling the first current
source A, causes the switching on the first current source
|. Electric charge delivered by the use of the first current
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source | is accumulated in the sampling capacitor C,,
which as the only capacitoris then connected to the other
end of the first current source | through the top plate
change-over switch St

[0038] As soon as the end of the time interval T, is
detected by the control module CM on the time interval
signal input InT, the control module CM introduces the
apparatus into the state shown in fig. 3. Therefore, by
the use of the signal from the control output D, the con-
trol module CM causes the opening of the destination rail
on-off switch Sg, | and the disconnection of the destina-
tion rail L from ground of the circuit. By the use of the
signals from control outputs 1,;; I, 5, ..., 14, g, the control
module CM causes the opening of the destination on-off
switches S| ;; S_ o, -, S, S g and the disconnection
of the top plate of the additional sampling capacitor C,5
and the top plates of the capacitors C,, ..., C¢, Cyinthe
array of redistribution from the destination rail L, the
switching of the ground change-over switches Sg,;
Sgno: - Sa1, Sgoand the connection of the bottom plate
of the additional sampling capacitor C,,, and the bottom
plates of the capacitors C,,, ..., Cq, Cq in the array of
redistribution to the source of auxiliary voltage Uy. By
the use of the signal from the output controlling the
change-over switches of the plates A¢, the control mod-
ule CM causes the switching of the top plate change-over
switches S+,,, S1,4 and of the bottom plate change-over
switches Sg,,, Sg,a and the connection of the top plate
of the sampling capacitor C,, to the source on-off switch
Sy, and to the destination on-off switch S ,,, the connec-
tion of the top plate of the additional sampling capacitor
Ca to the other end of the first current source |, the con-
nection of the bottom plate of the sampling capacitor C,
to the ground change-over switch S, and the connection
of the bottom plate of the additional sampling capacitor
C,,a to ground of the circuit.

[0039] Ifthe end of the time interval T, detected by the
control module CM does not constitute the beginning of
the next time interval T,,4 as it is shown in fig. 4, the
controlmodule CM by the use ofthe signal from the output
controlling the first current source A, causes the switching
off the first current source 1.

[0040] As soon as the beginning of the next time inter-
val T, ¢ is detected by the control module CM on the time
interval signal input InT, the control module CM by the
use of the signal from the output controlling the first cur-
rent source A causes again the switching on the first
current source |. The charge is delivered by the use of
thefirst current source | and accumulated in the additional
sampling capacitor C,,, which as the only capacitor is
then connected to the other end of the first current source
I through the top plate change-over switch St 4.

[0041] If the end of the time interval T, detected by the
control module CM determines simultaneously the be-
ginning of the next time interval T, as it is shown in fig.
5, the charge delivered still by the use of the first current
source | is accumulated in the additional sampling ca-
pacitor C,,5 which as the only capacitor is then connected
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the other end of the first current source | through the top
plate change-over switch St4.

[0042] In both cases, the control module CM introduc-
es the complete conversion output OutR into the inactive
state and assigns the initial value zero to all the bits b, 4,
b2, .- by, by in the digital word. Then, the control mod-
ule CM assigns the function of the source capacitor C; to
the sampling capacitor C,, by writing the value of the index
of the sampling capacitor to the source index register.
Simultaneously, the control module CM assigns the func-
tion of the destination capacitor C, to the capacitor C, 4
having the highest capacitance value in the array of re-
distribution by writing the value of the index of the capac-
itor having the highest capacitance value in the array of
redistribution to the destination index register. Next, the
control module CM starts to realize the process of redis-
tribution of the accumulated electric charge. Therefore,
the control module CM by the use of the signal from the
output controlling the second current source A, causes
the switching on the second current source J. The charge
accumulated in the source capacitor C; is transferred to
the destination capacitor C, by the use of the second
current source J though the source rail H and though the
destination rail L and the voltage U; on the source capac-
itor gradually decreases and at the same time the voltage
U, on the destination capacitor gradually increases dur-
ing the charge transfer.

[0043] Incase when the voltage U, on the current des-
tination capacitor C, reaches the reference voltage U
value, then the value one is assigned by the control mod-
ule CM to the appropriate bit by in the digital word on the
basis of the output signal of the second comparator K2.
By the use of the signal from the control output I, the
control module CM causes the opening of the destination
on-off switch S|, and the disconnection of the top plate
of the destination capacitor C, from the destination rail
L, the simultaneous switching of the ground change-over
switch Sg, and the connection of the bottom plate of the
destination capacitor C, to the source of auxiliary voltage
Uy. Next, the control module CM assigns the function of
the destination capacitor C, to the subsequent capacitor
in the array of redistribution A whose capacitance value
is twice lower than the capacitance value of the capacitor
that acted as the destination comparator C, directly be-
fore by reducing the content of the destination index reg-
ister by one. By the use of the signal from the control
output |, the control module CM causes the closure of
the destination on-off switch S|, and the connection of
the top plate of a new destination capacitor Cy to the
destination rail L, the simultaneous switching of the
ground change-over switch S, and the connection of
the bottom plate of the destination capacitor C, to ground
of the circuit.

[0044] In case when the voltage U; on the source ca-
pacitor reaches the value zero during charge transfer,
then the control module CM on the basis of the output
signal of the first comparator K1 by the use of the signal
from the control output D; causes the opening of the
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source on-off switch S, and the disconnection of the top
plate of the source capacitor C, from the source rail H.
By the use of the signal from the control output [, the
control module CM causes the opening of the destination
on-off switch S| and the disconnection of the top plate
of the destination capacitor C, from the destination rail
L, the simultaneous switching of the ground change-over
switch S, and the connection of the bottom plate of the
destination capacitor C, to the source of auxiliary voltage
Uy. Next, the function of the source capacitor C; is as-
signed by the control module CM to the capacitor that
acted as the destination capacitor C, directly before by
writing the current content of the destination index reg-
ister to the source index register. The control module CM
by the use of the signal from the control output D, causes
the closure of the source on-off switch Si; and the con-
nection of the top plate of a new source capacitor C; to
the source rail H. Then, the control module CM reduces
the content of the destination index register by one and
assigns the function of the destination capacitor C, to the
next capacitor in the array of redistribution A having a
capacitance value twice lowerthan the capacitance value
of the capacitor that acted as the destination capacitor
C, directly before. By the use of the signal from the control
output I, the control module CM causes the closure of
the destination on-off switch S, and the connection of
the top plate of a new destination capacitor Cy to the
destination rail L, the simultaneous switching of the
ground change-over switch Sg, and the connection of
the bottom plate of a new destination capacitor C, to
ground of the circuit. Fig. 6 presents the apparatus in the
abovementioned state.

[0045] In both abovementioned cases, the control
module CM continues the process of electric charge re-
distribution on the basis of the output signals of the first
comparator K1 and of the second comparator K2. Each
occurrence of the active state on the output of the second
comparator K2 causes the assignment of the function of
the destination capacitor C to the subsequent capacitor
in the array of redistribution A whose capacitance value
is twice as lower as the capacitance value of the capacitor
which acted as the destination capacitor C, directly be-
fare. On the other hand, each occurrence of the active
state on the output of first comparator K1 causes the
assignment of the function of the source capacitor C; to
the capacitor in the array of redistribution A that until now
has acted as the destination capacitor C,, and at the
same time the assignment of the function of the destina-
tion capacitor C, to the subsequent capacitor in the array
A whose capacitance value is twice as lower as the ca-
pacitance value of the capacitor which acted as the des-
tination capacitor directly before. The process of redis-
tribution is terminated when the capacitor C, having the
lowest capacitance value in the array of redistribution A
stops to act as the destination capacitor Cy. Such situa-
tion occurs when the active state appears on the output
of the first comparator K1 or on the output of the second
comparator K2 during charge transfer to the capacitor
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C, having the lowest capacitance value in the array of
redistribution A. When the active state appears on the
output of the second comparator K2, the control module
CM assigns the value one to the bit bg. After termination
of redistribution of charge accumulated previously in the
sampling capacitor C, and after assigning the corre-
sponding values to the bits b, 4, b5, ..., by, by in the
output digital word, the control module CM activates the
signal provided on the complete conversion signal output
OutR. By the use of the signal from the output controlling
the second current source A, the control module CM
causes the switching off the second current source J.
Next, the control module CM introduces the apparatus
into the relaxation phase shown in fig. 1.

[0046] After detecting the end of the next time interval
Ty+1 by the control module CM on the time interval signal
input inT, the control module CM introduces the appara-
tus into the state shown in fig. 7. Therefore, the control
module CMby the use ofthe signal from the control output
D, causes the opening of the destination rail on-off
switch Sg, and the disconnection of the destination rail
L from ground of the circuit. The control module CM by
the use of signals from the control outputs |;; |5, ..., Iy,
lo causes the opening of the destination on-off switches
S Siha - Si1, S and the disconnection of the top
plates of the sampling capacitor C,, and of the capacitors
Cha,--, Cy, Cyinthe array of redistribution from the des-
tination rail L, the switching of the ground change-over
switches Sg,,; Sg.0, - Sg1, Sgg @and the connection of
the bottom plate of the sampling capacitor C, and the
bottom plates of the capacitors C, ,, ..., Cq, Cq in the
array of redistribution to the source of auxiliary voltage
Uy. By the use of the signal from the output controlling
change-over switches of the plates Ag, the control mod-
ule CM causes the switching of the top plate change-over
switches S;,, S5 and of the bottom plate change-over
switches Sg,,, Sg,a and the connection of the top plate
of the sampling capacitor C, to the other end of the first
current source |, the connection of the top plate of the
additional sampling capacitor C, 5 to the source on-off
switch S, and to the destination on-off switch S ,, the
connection of the bottom plate of the sampling capacitor
C,, to ground of the circuit and the connection of the bot-
tom plate of the additional sampling capacitor C, to the
ground change-over switch Sg,.

[0047] In case when the end of the time interval T, 4
detected by the control module CM does not constitute
simultaneously the beginning of the subsequent time in-
terval T,,, as it is shown infig. 4, the control module CM
by the use of the signal from the output controlling the
first current source A; causes the switching off the first
current source I. As soon as the beginning of the subse-
quenttime interval T, » is detected by the control module
CM on the time interval signal input InT, the control mod-
ule CM by the use of the signal from the output controlling
the first current source A, causes again the switching on
the first current source . The charge delivered by the use
of the first current source | is accumulated in the sampling
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capacitor C,, which is then the only capacitor connected
to the other end of the first current source | through the
top plate change-over switch S+,,.

[0048] In case when the end of the next time interval
T,+1 detected by the control module CM constitutes si-
multaneously the beginning ofthe subsequent trigger sig-
nal T,,, as itis shown in fig. 5, electric charge delivered
by the use of the first current source | is accumulated in
the sampling capacitor C,, which is then the only capacitor
connected to the other end of the first current source |
through the top plate change-over switch Sy,

[0049] In both cases, the control module CM deacti-
vates the signal provided on the complete conversion
signal output OutR and assigns the initial value zero to
all the bits b,,_4, b5, ..., b4, bg in the digital word. Then,
the control module CM assigns the function of the source
capacitor C, to the additional sampling capacitor C,,5 by
writing the value of the sampling capacitor C,, index to
the source index register. Simultaneously, the control
module CM assigns the function of the destination ca-
pacitor C to the capacitor C,,_; having the highest ca-
pacitance value in the array of redistribution by writing a
value of the index of the capacitor C,,_; having the highest
capacitance value in the array of redistribution to the des-
tination index register. Next, the control module CM by
the use of the signal from the output controlling the sec-
ond current source A causes the switching on the sec-
ond current source J and starts to realize the process of
redistribution of charge accumulated in the additional
sampling capacitor C, 5. The process of redistribution is
terminated when the capacitor Cg having the lowest ca-
pacitance value in the array of redistribution A stops to
act as the destination capacitor C,.

[0050] After termination of redistribution of charge ac-
cumulated previously in the additional sampling capaci-
tor C,, and after assigning the corresponding values to
the bits b,,_1, b, --., b4, bg in the digital word, the control
module CM activates the complete conversion signal out-
put OutR. By the use of the signal from the output con-
trolling the second current source A, the control module
CM causes the switching off the current source J. Next,
the control module CM introduces the apparatus into the
relaxation phase shown in fig. 2.

[0051] The method for conversion of a time interval to
the digital word, according to the invention, is presented
in the second exemplary apparatus as follows.

Before the start of the first process of conversion of a
time interval to the digital word having the number of bits
equal to n, the control module CM by the use of the signal
from the output controlling the change-over switches of
plates Ag causes additionally the switching of top plate
change-over switches St,,_1, S1,.14 @and switching of the
bottom plate change-over switches Sg, 4, Sg;,.14 @nd the
connection of the top plate of the capacitor C,, 4 having
the highest capacitance value in the array of redistribu-
tion to the source on-off switch Sy,,_1 and to the destina-
tion on-off switch S, 4, the connection of the top plate
of the additional capacitor C,_{5 having the highest ca-
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pacitance value in the array of redistribution to the other
end of the first current source |, the connection of the
bottom plate of the capacitor C,,_4 having the highest ca-
pacitance value in the array of redistribution to the ground
change-over switch Sg,, 4 and the connection of the bot-
tom plate of the additional capacitor C,,_ 45 having the
highest capacitance value in the array of redistribution
to ground of the circuit. Fig. 8 presents the abovemen-
tioned state of the apparatus.

[0052] As soon as the beginning of the time interval T,
is detected by the control module CM on the time interval
signal input InT, the control module CM by the use of the
signal from the output controlling the change-over switch-
es of the plates A causes additionally the switching of
the top plate change-over switches St,4, St,.1a and
switching of the bottom plate change-over switches
Sg.1n» Sgn.1a @nd the connection of the top plate of the
sampling capacitor C,, 4 having the highest capacitance
value in the array of redistribution to the other end of the
first current source 1, the connection of the top plate of
the additional capacitor C,, 45 having the highest capac-
itance value in the array of redistribution to the source
on-off switch Sy, 4 and to the destination on-off switch
S| .1, the connection of the bottom plate of the sampling
capacitor C,,_4 having the highest capacitance value in
the array of redistribution to ground of the circuit and the
connection of the bottom plate of the additional capacitor
C,,.1a having the highest capacitance value in the array
of redistribution to the ground change-over switch Sg, 4
enforcing a complete discharge of the additional capac-
itor C,.4a having the highest capacitance value in the
array of redistribution. Electric charge delivered by the
use of the first current source | is accumulated simulta-
neously in the sampling capacitor C,, and in the capacitor
C,,.1 having the highest capacitance value in the array of
redistribution which is connected to the sampling capac-
itor C,, in parallel. Both capacitors (C,, and C,_4) are the
only capacitors that are connected to the other end of
the first current source | through the top plate change-
over switches Sy, S1,,_1. Fig. 9 presents the abovemen-
tioned state of the apparatus.

[0053] After detecting the end of the time interval T,
by the control module CM on the time interval signalinput
InT, the control module CM by the use of the signal from
the output controlling the change-over switches of plates
A causes additionally switching of the top plate change-
over switches Sy, 4, St,.14 and switching of the bottom
plate change-over switches Sg,, 1, Sg,.44 @nd the con-
nection of the top plate of the capacitor C,,_; having the
highest capacitance value in the array of redistribution
to the source on-off switch S,y and to the destination
on-off switch S|, 4, the connection of the top plate of the
additional capacitor C,, 4, having the highest capacitance
value in the array of redistribution to the other end of the
first current source |, the connection of the bottom plate
of the capacitor C,,_{ having the highest capacitance val-
ue in the array of redistribution to the ground change-
over switch S, and the connection of the bottom plate
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of the additional capacitor C,, 15 having the highest ca-
pacitance value in the array of redistribution to ground of
the circuit. Fig. 10 presents the abovementioned state of
the apparatus.

[0054] As soon as the beginning of the next time inter-
val T, is detected by the control module CM on the time
interval signal input InT, the electric charge delivered by
the use of the first current source lis accumulated simul-
taneously in the additional sampling capacitor C, 4 and
in the additional capacitor C,_44 having the highest ca-
pacitance value in the array of redistribution which is con-
nected to the additional sampling capacitor C 5 in paral-
lel. Both capacitors (C, 4 and C,,_14) are the only capac-
itors that are connected tothe other end of the first current
source | through the top plate change-over switches
Stnar Stno1a-

[0055] After detecting the end of the next time interval
T,+1 by the control module CM on the time interval signal
input InT, the control module CM by the use of the signal
from the output controlling the change-over switches of
the plates Ag causes the switching of the top plate
change-over switches St,,_1, S1,.14 @and switching of the
bottom plate change-over switches Sg, 4, Sg;,.1a @nd the
connection of the top plate of the capacitor C,_ 4 having
the highest capacitance value in the array of redistribu-
tion to the other end of the first current source |, the con-
nection of the top plate of the additional capacitor C,,_4a
having the highest capacitance value in the array of re-
distribution to the source on-off switch Sy, 1 and to the
destination on-off switch S, 4, the connection of the bot-
tom plate of the capacitor C,,_; having the highest capac-
itance value in the array of redistribution to ground of the
circuit and the connection of the bottom plate of the ad-
ditional capacitor C,,_; 5 to the ground change-over switch
Sgn.1- Fig. 11 presents the abovementioned state of the
apparatus.

[0056] Another method for conversion of atime interval
to the digital word, according to the invention, realized in
the exemplary apparatus differs from the previous meth-
odsinthatas soon as the process of accumulated electric
charge redistribution is terminated, the control module
CM causes the electric charge, accumulated in the last
of capacitors on which the reference voltage U, had not
been reached during realization of the process of redis-
tribution, to be conserved.

[0057] If the control module CM assigns the value zero
to the bit by during the realization of the process of charge
redistribution, the control module CM introducing the ap-
paratus into the relaxation state by the use of the signal
from the control output I causes the opening of the des-
tination on-off switch S g and the disconnection of the
top plate of the capacitor Cy having the lowest capaci-
tance value in the array of redistribution from the desti-
nation rail L, the switching of the ground change-over
switch Sgq and the connection of the bottom plate of the
capacitor Cq having the lowest capacitance value in the
array of redistribution to the source of auxiliary voltage
Uy
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If the control module CM assigns the value one to the bit
bg during the realization of the process of redistribution,
the control module CM introducing the apparatus into
relaxation state by the use of the signal from the control
output I; causes the opening of the destination on-off
switch §; and the disconnection of the top plate of the
source capacitor C; from the destination rail L, the switch-
ing of the ground change-over switch Sg; and the con-
nection of the bottom plate of the source capacitor C; to
the source of auxiliary voltage U
References
[0058]

A array of redistribution

A,, section of sampling capacitor

CM control module

K1 first comparator

K2 second comparator

| first current source

J second current source

Uy source of auxiliary voltage

U, source of the reference voltage

Upp voltage supply

InT time interval signal input InT

In1 first control input of the control module

In2 second control input of the control module

B digital output of the control module

OutR complete conversion output

H source rail

L destination rail

C,, sampling capacitor

Ch-1: Cho, -, Cy, Cg capacitors in the array of redis-
tribution

C,.1 capacitor having the highest capacitance value
in the array of redistribution

C, capacitor having the lowest capacitance value in
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the array of redistribution
C,,a additional sampling capacitor

C,,.15 additional capacitor having the highest capac-
itance value in the array of redistribution

C; source capacitor
Cy destination capacitor

U1, Uno, ..., Uy, U voltages on the capacitors in
the array of redistribution

U; voltage on the source capacitor
U, voltage on the destination capacitor
by, .., By, -, by, by bits inthe digital word

bn—17 bn—27

SHns SHn-1: SHn2: s SHis > SHir > SH1, S SOUrCe
on-off switches

Stns Stnts Stnzs - Stp -+ St o Spa, Sy desti-
nation on-off switches

Senr Sen1r Sen2 -~ SGih - Sek - S61 SGo
ground change-over switches

St STats Sthas Sth1a fop plate change-over
switches

Sgnr Sen-1) Senar Sen1a bottom plate change-over
switches

Sga destination rail on-off switch

Ac output controlling change-over switches of the
plates

A, output controlling the first current source

A, output controlling the second current source
T, time interval

Ty+q Next time interval

Ty+2 subsequent time interval

b ets Tnezs o By ooy Iy -y 1q, g cONtrol outputs

Dy Dnq, D o Dy, ooy Dy, —-., Dy, Dy, Dy control
outputs
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Claims

Method for clockless conversion of time interval to
digital word consisting in a detection of the beginning
and of the end of the time interval by the use of a
control module and in mapping this time interval to
a portion of electric charge proportional to this time
interval and delivered by the use of a current source
while the portion of electric charge is accumulated
in a sampling capacitor, or in the sampling capacitor
and in the capacitor having the highest capacitance
value in an array of redistribution, which is connected
to the sampling capacitor in parallel, and then con-
sisting in the realization of the process of accumu-
lated electric charge redistribution in the array of re-
distribution by means of the control module by
changes of states of signals from relevant control
outputs, while the array of redistribution comprises
an array of on-off switches, of change-over switches
and of capacitors such that a capacitance value of
each capacitor of a given index is twice as high as
a capacitance value of a capacitor of the previous
index, and also consisting in the assignment of rel-
evant values to bits of the digital word by means of
the control module characterized in that after ter-
mination of accumulation of electric charge in the
sampling capacitor (C,,), orin the sampling capacitor
(C,) and in the capacitor (C,,_;) having the highest
capacitance value in the array of redistribution which
is connected to the sampling capacitor (C,,) in par-
allel, and after detection of the beginning of a next
time interval (T,,4) by means of the control module
(CM), electric charge is delivered by the use of the
current source and accumulated in an additional
sampling capacitor (C,,), and next the process of
redistribution of electric charge accumulated in the
additional sampling capacitor (C,,,) is realized and
relevant values are assigned to bits (b1, by, --.,
b4, bg) in the digital word by means of the control
module (CM) while accumulation of electric charge
in the additional sampling capacitor (C,,) and the
process of redistribution of electric charge accumu-
lated in the additional sampling capacitor (C,,5) and
assignment of relevant values to bits (b,_¢, by, ...,
b4, bg) in the digital word are realized such as for the
sampling capacitor (C,).

Method for conversion as claimed in claim 1 char-
acterized in that after termination of accumulation
of electric charge in the additional sampling capacitor
(C,a)and after detection of the beginning of the sub-
sequent time interval (T,,,) by means of the control
module (CM), the next cycle begins and electric
charge is delivered by the use of the current source
and accumulated again in the sampling capacitor
(C,), or in the sampling capacitor (C,) and in the
capacitor (C,,_;) having the highest capacitance val-
ue in the array of redistribution which is connected
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to the sampling capacitor (C,)) in parallel.

Method for conversion as claimed in claim 1 and 2
characterized in that in a period of time when elec-
tric charge is delivered by the use of the current
source and accumulated in the additional sampling
capacitor (C,,), a part of electric charge is accumu-
lated simultaneously in the additional capacitor
(Cp-1a) having the highest capacitance value in the
array of redistribution which is connected to the ad-
ditional sampling capacitor (C,,5) in parallel while a
capacitance value of the additional capacitor (C,_44)
having the highest capacitance value in the array of
redistribution equals the capacitance value ofthe ca-
pacitor C,,_1 having the highest capacitance value in
the array of redistribution.

Method for conversion as claimed in claim 1, 2 and
3 characterized in that after termination of process
of redistribution, the charge, accumulated in the last
of capacitors on which the reference voltage (U,)
had not been reached when the process of redistri-
bution was realized, is conserved.

Apparatus for clockless conversion of time interval
to digital word comprising an array of redistribution
whose control inputs are connected to control out-
puts of a control module and the control module is
equipped with adigital output, a complete conversion
output, atime interval signal input (InT), afirst control
input connected to an output of the first comparator
and a second control input connected to an output
of a second comparator whereas a source of auxil-
iary voltage, a section of a sampling capacitor and
a second controlled current source are connected to
the array of redistribution while a control input of the
second controlled current source is connected to an
output controlling the second current source and one
end of the second current source is connected to a
source rail and the other end of the second current
source is connected to a destination rail and a volt-
age supply is connected to one end of the first current
source whose controlinputis connected to an output
controlling the first current source whereas the array
of redistribution comprises sections whose number
equals the number of bits in the digital word, and the
section of the sampling capacitor and each section
of the array of redistribution comprises a source on-
off switch, a destination on-off switch, a ground
change-overswitch and atleastone capacitor whose
top plate is connected to the source rail through the
source on-off switch and/or to the destination rail
through the destination on-off switch and whose bot-
tom plate is connected to ground of the circuit or to
the source of auxiliary voltage through the ground
change-over switch while a capacitance value of
each capacitor of a given index in the array of redis-
tribution is twice as high as a capacitance value of
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a capacitor of a previous index and also the desti-
nation rail is connected to ground of the circuit
through the destination on-off switch and to a non-
inverting input of the second comparator whose in-
verting input is connected to a source of the refer-
ence voltage and the source rail is connected to an
inverting input of the first comparator whose non-
inverting input is connected to the source of auxiliary
voltage whereas control inputs of the source on-off
switches and a control input of the destination rail
on-off switch are connected appropriately to control
outputs of the control module and control inputs of
the destination on-off switches are coupled together
and connected appropriately to the control outputs
of the controlmodule characterized in that the other
end of the first current source (I) is connected to a
section of the sampling capacitor (A,,) comprising an
additional sampling capacitor (C,), top plate
change-over switches (S;,, St,), bottom plate
change-over switches (Sg,,, Sg,,4) while the top plate
of the sampling capacitor (C,)) and the top plate of
the additional sampling capacitor (C,,_4) are connect-
ed to the source on-off switch (S,) and to the des-
tination on-off switch (S ,) or to the other end of the
first current source (1) through top plate change-over
switches (St,, S1,,4) Whereas the bottom plate of the
sampling capacitor (C,;) and the bottom plate of the
additional sampling capacitor (C,,) are connected
to the ground change-over switches (Sg,) or to
ground of the circuit through the bottom plate
change-over switches (Sg,, Sg,4)and controlinputs
of the top plate change-over switches (St,, St,a)
and control inputs of the bottom plate change-over
switches (Sg,,, Sg,a) are coupled together and con-
nected appropriately to an output controlling the
change-over switches of the plates (Ag).

Apparatus for conversion as claimed in claim 5 char-
acterized in that at least one section in the array of
redistribution (A) comprises the additional capacitor
(Ch1a Chops - Cyar Coa), the top plate change-
over switches (S+,.1, St -, S71, Sto0 SThotAS
Sthoas - ST1a STga) @nd the bottom plate change-
over switches (Sg,,.1, Sgpa: - Sg1» Sko; SEn-1A»
Sgnoas - Sp1as Sgga) While the top plates of the
capacitors (C,,_4, Cp.0, ..., C4, Cg) and the top plates
of the additional capacitors (C,, s, Cr0a - Cqas
Cyp) are connected appropriately to the source on-
off switches (Syp.1, Shn-2, ---» SH1> Spo) @and to the
destination on-off switches (S ,.1, S_ .2, ---» S11, S(o)
or to the other end of the first current source (1)
through the top plate change-over switches (St,,_q,
Stn2 - STT S100 STro1Ar STR2A) 0 ST1A ST0A)
whereas the bottom plates of the capacitors (C, 4,
Cha: -, Cq, Cg) and the bottom plates of the addi-
tional capacitors (C;,_1a, Cpoa. -, C1a, Coa) a@re con-
nected appropriately to the ground change-over
switches (Sg,..1, Sgna: ---» Sg1, Sgg) Or to ground of



25 EP 2 624 077 B1 26

the circuit through the bottom plate change-over
switches  (Sgn1, Sgn2 -+ Sg1. Sgo:  Senas
Sgnoas - Sg1a, Spoa) Whereas the control inputs of
the top plate change-over switches (S1,,_1, Stp., -,
St15 S10: Stn-1as STh2as s S1TAs STOA) @N the CON-
trol inputs of the bottom plate change-over switches
(Sgn-1 Sgn-2» -+ SB1: Sgo Sen-1a Sn2ar - S
Sgoa) are coupled togetherand connected to the out-
put controlling the change-over switches of the
plates (Ag).

Apparatus for conversion as claimed in claim 6 char-
acterized in that the capacitance value of the sam-
pling capacitor (C,,) and the capacitance value of the
additional sampling capacitor (C,,) are not lower
than the capacitance value of the capacitor (C,,_.1)
having the highest capacitance value in the array of
redistribution.

Apparatus for conversion as claimed in claim 6 char-
acterized in that the capacitance value of the addi-
tional capacitor (C,_1a; Cr, 24, ---» C1a: Coa) in the ar-
ray of redistribution is equal appropriately to the ca-
pacitance value of the capacitor (C,, 4, C,5, ..., Cy,
Cy) in the array of redistribution.

n-1

Patentanspriiche

1.

Verfahrenfur taktgeberfreie Umwandlung eines Zei-
tintervalls in ein digitales Wort, bei dem der Anfang
und das Ende des Zeitintervalls von einem Steuer-
modul des Zeitintervalls erfasst und das Zeitintervall
mittels einer zu dem Zeitintervall proportionalen,
elektrischen Ladung, die wahrend dieses Zeitinter-
valls mittels einer Stromquelle zugefiihrt und in ei-
nem Abtastkondensator oder in einem Abtastkon-
densator und mit ihm parallel geschalteten Konden-
sator mit der héchsten Kapazitat in der Umverteilun-
geinheit angesammelt wird, dargestellt wird, und bei
dem dann in der Umverteilungseinheit der Prozess
der Umverteilung der angesammelten elektrischen
Ladung mittels eines Steuermoduls durch die Ande-
rung des Zustands der Signale von den jeweiligen
Steuerausgadngenumgesetzt wird, wobeidie Umver-
teilungseinheit einen Satz von Verbindern, Schaltern
und Kondensatoren solcher Art enthalt, dass die Ka-
pazitét eines jeden Kondensators mitdem folgenden
Index doppelt so grol ist wie die Kapazitat des un-
mittelbar vorstehenden Kondensators, und bei dem
den Bits des digitalen Wortes mittels eines Steuer-
moduls entsprechende Werte zugeordnet werden,
gekennzeichnet dadurch, dass nach Abschluss
der Ansammlung der elektrischen Ladung im Abtast-
kondensator (C,)) oder im Abtastkondensator (C,)
und dem parallel geschalteten Kondensator (C,,_)
mit der héchsten Kapazitat in der Umverteilungsein-
heit, und nach dem Erfassen des Anfangs des
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néachsten Zeitintervalls (T, ) mittels des Steuermo-
duls (CM) die elektrische Ladung mittels einer
Stromguelle zugefuhrt und in dem zusétzlichen Ab-
tastkondensator (C,,) gesammelt wird, und dann
der Prozess der Umverteilung der in dem zusétzli-
chen Abtastkondensator (C,,) angesammelten
elektrischen Ladung umgesetzt und den Bits (b, 4,
b,2, ..., by, bg) des digitalen Wortes mittels Steuer-
moduls (CM) entsprechende Werte zugeordnet wer-
den, wobei die Ansammlung der elektrischen La-
dung im zusatzlichen Abtastkondensator (C,,,), der
Prozess der Umverteilung der im zusatzlichen Ab-
tastkondensator (C,5) gespeicherten elekirischen
Ladung und die Zuordnung der entsprechenden
Werte zu Bits (b,,_1, b0, ..., bq, bg) des digitalen Wor-
tes so wie fiir den Abtastkondensator (C,) umgesetzt
wird.

Verfahren nach Anspruch 1, gekennzeichnet da-
durch, dass, nach Abschluss der Ansammlung der
elektrischen Ladung in dem zuséatzlichen Abtastkon-
densator (C,,) und Erfassung des Anfangs des
néachsten Zeitintervalls (T, ,,) mithilfe des Steuermo-
duls (CM) der nachste Zyklus beginnt und die elek-
trische Ladung mittels der Stromquelle zugefuhrt
und wieder im Abtastkondensator (C,,) oder im Ab-
tastkondensator (C,;) und dem mit ihm parallel ge-
schalteten Kondensator (C,,_1) mit der héchsten Ka-
pazitdt in der Umverteilungseinheit angesammelt
wird.

Verfahren nach Anspruch 1 und 2, gekennzeichnet
dadurch, dass wenn die elektrische Ladung mittels
einer Stromquelle zugefihrt und in dem zusatzlichen
Abtastkondensator (C,,) angesammelt wird, ein Teil
der zugefilhrten elektrischen Ladung gleichzeitig in
dem zusétzlichen Kondensator (C,_;5) mit der
héchsten Kapazitatin der Umverteilungseinheit, der
parallel zu dem zusatzlichen Abtastkondensator
{C,a) geschaltet wird, angesammelt wird, wobei die
Kapazitat des zuséatzlichen Kondensators (C,,_44) mit
der héchsten Kapazitat in der Umverteilungseinheit
gleich der Kapazitat des Kondensators (C,,_4) mitder
héchsten Kapazitat in der Umverteilungseinheit ist.

Verfahren nach Anspruch 1, 2 und 3, gekennzeich-
net dadurch, dass nach Abschluss des Prozesses
der Umverteilung im letzten der Kondensatoren, in
dem wahrend des Prozesses der Umverteilung kei-
ne Referenzspannung (U, ) erreicht wurde, die an-
gesammelte elektrische Ladung angesammelt
bleibt.

Vorrichtung fur taktgeberfreien Umwandlung eines
Zeitintervalls in ein digitales Wort mit Umverteilungs-
einheit, deren Steuereingédnge mit den Steueraus-
gangen des Steuermoduls verbunden sind, und das
Steuermodul mit dem Ausgang des digitalen Wortes,
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dem Ausgang des Umwandlungsabschlusses, dem
Eingang des Zeitintervalls und dem ersten Steuer-
eingang, der mit dem Ausgang des ersten Kompa-
rators verbunden ist, und dem zweiten Steuerein-
gang, der mit dem Ausgang des zweiten Kompara-
tors verbunden ist, ausgestattet sind, und die Um-
verteilungeinheit mit der Hilfsspannungsquelle, dem
Abtastkondensatorabschnitt und der zweiten ge-
steuerten Stromquelle verbunden ist, deren Steuer-
eingang mit dem Steuerausgang Uber die zweite
Stromguelle verbunden ist, wobei der erste Pol der
zweiten Stromguelle mitdem Quellbus und der zwei-
te Pol der zweiten Stromquelle mit dem Zielbus ver-
bunden ist, und die Versorgungsspannungsquelle
mit dem ersten Pol der ersten Stromquelle verbun-
den ist, deren Steuereingang mit dem Steueraus-
gang der ersten Stromquelle verbunden ist, wobei
die Umverteilungseinheit Abschnitte enthélt, deren
Anzahl der Anzahl der Bits des digitalen Wortes ent-
spricht, und der Abtastkondensatorabschnitt und je-
der Abschnitt der Umverteilungseinheit einen Quell-
verbinder, einen Zielverbinder, einen Erdungsschal-
ter und mindestens einen Kondensator, dessen obe-
re Abdeckung mit dem Quellbus Uber den Quellver-
binder und/oder mit dem Zielbus Uber den Zielver-
binder verbunden ist, und die untere Abdeckung
Uber den Erdungsschalter mit der Masse der Einheit
oder mit der Hilfsspannungsquelle verbunden ist,
enthalten, wobei in der Umverteilungseinheit die Ka-
pazitéteinesjeden Kondensators mitdem folgenden
Index doppelt so grol ist wie die Kapazitat des un-
mittelbar vorstehenden Kondensators, und dazu der
Zielbus mitder Einheitsmasse Uber den Zielbus-Ver-
binder und mitdem nichtintervierenden Eingang des
zweiten Komparators verbunden ist, dessen inter-
vierender Eingang mit der Referenzspannungsquel-
le verbunden ist, und der Quellbus mit dem intervie-
renden Eingang des ersten Komparators verbunden
ist, dessen nichtintervierender Eingang mit einer
Hilfsspannungsquelle verbunden ist, wahrend die
Steuereingange der Quellverbinderund des Zielbus-
Verbinders entsprechend mit den Steuerausgangen
des Steuermoduls, und die Steuereingange der Ziel-
verbinder miteinander gekoppelt und mit den Steu-
erausgangen des Steuermoduls entsprechend ver-
bunden sind, gekennzeichnet dadurch, dass der
zweite Pol der ersten Stromquelle (1) mit dem Ab-
tastkondensatorabschnitt (A,)), der einen zusétzli-
chen Abtastkondensator (C,,5) und Schalter der obe-
ren Abdeckungen (S+,,, St,a) und Schalter der un-
teren Abdeckungen (Sg,,, Sg,,a) enthélt, verbunden
ist, wobei die oberen Abdeckungen des Abtastkon-
densators (C,,) und des zusatzlichen Abtastkonden-
sators (C,, 1) Uber die Schalterder oberen Abdeckun-
gen (St,,, Stha) mit dem Quellverbinder (S,) und
dem Zielverbinder (S,,) oder mit dem zweiten Pol
der ersten Stromquelle (1) verbunden werden, wobei
die unteren Abdeckungen des Abtastkondensators
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(C,)und des zusatzlichen Abtastkondensators (C, 5)
Uber die Schalter der unteren Abdeckungen (Sg,,
Sgna) mit dem Erdungsschalter (Sg,,) oder mit der
Einheitsmasse verbunden werden, wahrend die
Steuereingénge der Schalter der oberen Abdeckun-
gen (S+,,, St,4) und der Schalter der unteren Abde-
ckungen (Sg,, Sg,a) Miteinander gekoppelt und mit
dem Steuerausgang Uber die Schalter der Abde-
ckungen (Ac) entsprechend verbunden sind.

Vorrichtung nach Anspruch 5, gekennzeichnet da-
durch, dass mindestens ein Abschnitt der Umver-
teilungseinheit (A) einen zusétzlichen Kondensator
(Ch-1ar Choas - Cqar Cpa) und Schalter der oberen
Abdeckungen (Stp.1, Stha, - ST1, St0i STnotas
Sthoas - St1a. STOA) und Schalter der unteren
Abdeckungen (Sg,, 1, Sgp.2, --» Sg1, Sgor Sen-1as
Sgn-oas - Spqar Spga) €Nthélt, wobei die oberen Ab-
deckungen der Kondensatoren (C, 4, C,5, ..., Cy,
Cq) und der zusatzlichen Kondensatoren (C, 44,
Chaa: - Cqas Cop) entsprechend uber die Schalter
der oberen Abdeckungen (St,_1, Sti,.2, --» S71, St0
Stn1ar Sthoar - ST1as SToa Mit den Quellverbin-
dern (Syp.1, Shnas - SH1» Sho) und den Zielverbin-
dern (Si .1, S na, ---» SL1, SLo) oder mit dem zweiten
Pol der ersten Stromquelle (I) verbunden werden,
und die unteren Abdeckungen der Kondensatoren
(Ch-1, Chias -, C4, Cg) und der zusatzlichen Konden-
satoren (C, 4o, Croa, --» Cqar Cga) entsprechend
Uber die Schalter der unteren Abdeckungen (Sg,, 1,
Sgn-2: -+ Sg1s Sgo> SBn-1a Spn-2ar - Sg1a: Sgoa)
mit Erdungsschaltern (Sg,.1, Sgn2. ---» Sg1, Sao)
oder mit der Einheitsmasse verbunden werden, wo-
bei die Steuereingange der Schalter der oberen Ab-
deckungen (Sty4, Stna - Stis St00 Stioras
Stnoas - ST1a. STop) UNd der Schalter der unteren
Abdeckungen (Sgn.1, Sgn.2» - Sg1: Seoi SBn-1as
Sgnoas - Sg1a Spoa) Miteinander gekoppelt und
mit dem Steuerausgang Uber die Schalter der Ab-
deckungen (A¢) verbunden sind.

Vorrichtung nach Anspruch 6 gekennzeichnet da-
durch, dass die Kapazitdten des Abtastkondensa-
tors (C,) und des zusétzlichen Abtastkondensators
(C,,a) nicht kleiner sind als die Kapazitaten des Kon-
densators (C,,_1) mit der héchsten Kapazitat in der
Umverteilungseinheit.

Vorrichtung nach Anspruch 6 gekennzeichnet da-
durch, dass der zusatzliche Kondensator (C, 44,
Chops - Cqa Coa) der Umverteilungseinheit eine
Kapazitat aufweist, die der Kapazitdt des Konden-
sators (C,_q, C,,.0, ..., Cyq, Cp) der Umverteilungsein-
heit entspricht.
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Revendications

Procédé de conversion sans horloge d’un intervalle
de temps en mot numérique, consistant a détecter
a l'aide d’'un module de commande le début et la fin
d’'unintervalle de temps et a reproduire cet intervalle
de temps par une charge électrigue proportionnelle,
fournie pendant cet intervalle de temps au moyen
d’'une source de courant et accumulée dans un con-
densateur d’échantillonnage, ou dans un condensa-
teur d’échantillonnage et un condensateur ayant la
plus grande capacité et qui lui est connecté en pa-
ralléle dans une unité de redistribution, puis a réali-
ser dans l'unité de redistribution le processus de re-
distribution de la charge électrique accumulée, au
moyen d’'un module de commande en modifiant les
états des signaux a partir des sorties de commande
respectives, ol I'unité de redistribution comprend un
ensemble de connecteurs, de commutateurs et de
condensateurs, de sorte que la capacité de chaque
condensateur d’indice suivant soit deux fois plus
grande que la capacité du condensateur qui le pré-
céde immédiatement et a attribuer au moyen d’un
module de commande, des valeurs correspondan-
tes des bits du mot numérique, caractérisé en ce
que, aprés I'accumulation de la charge électrique
dans le condensateur déchantillonnage (C,) ou
dans le condensateur d’echantillonnage (C,)), et le
condensateur (C,,_;) quilui est connecté en paralléle
et ayant la plus grande capacité dans l'unité de re-
distribution et la détection par le module de contréle
(CM) du début du prochain intervalle de temps
(Tx+1), la charge électrique est fournie par une sour-
ce de courant et s’accumule dans un condensateur
d'échantillonnage supplémentaire (C,,), puis s’ef-
fectue le processus de redistribution de la charge
électrigue accumulée dans le condensateur
d’échantillonnage supplémentaire (C,,) et les va-
leurs correspondantes des bits (b,,_4, b, ..., byq, bg)
du mot numérique sont affectées a lI'aide du module
de commande (CM), ol I'accumulation de charge
électrigue dans le condensateur d'échantillonnage
supplémentaire (C,,5), le processus de redistribution
de la charge électrique accumulée dans le conden-
sateur d’échantillonnage supplémentaire (C,) et
I'attribution des valeurs des bits appropriées (b, 4,
br.o, - bq, bBp) du mot numérique sont effectués
comme pour le condensateur d’échantillonnage

(Cn)-

Procédé selon larevendication 1, caractérisé en ce
que aprés l'accumulation de la charge électrique
dans le condensateur d’échantillonnage supplé-
mentaire (C,,») et la détection & l'aide du module de
commande (CM) du début de l'intervalle de temps
suivant (T,,»), le cycle suivant commence et la char-
ge électrique est fournie au moyen d’une source cou-
rant et s’accumule & nouveau dans le condensateur
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d’échantillonnage (C,) ou dans le condensateur
d’échantillonnage (C,) et le condensateur qui lui est
connecté en paralléle (C,,_¢) ayantla plus grande ca-
pacité dans l'unité de redistribution.

Procédé selon les revendications 1 et 2, caractérisé
en ce que, lorsque la charge électrique est fournie
al’'aide d’'une source de courant et s’accumule dans
un condensateur d’échantillonnage supplémentaire
(C,a), en méme temps une partie de la charge élec-
trigue fournie s’accumule dans le condensateur sup-
plémentaire (C,4,) ayant la plus grande capacité
dans l'unité de redistribution, connecté en paralléle
aun condensateur d’échantillonnage supplémentai-
re (C,a), oula capacité du condensateur supplémen-
taire (C,,_15) @ayant la plus grande capacité dans I'uni-
té de redistribution est égale a la capacité du con-
densateur (C,, 1) ayantla plus grande capacité dans
I'unité de redistribution.

Procédé selon les revendications 1, 2 et 3, caracté-
risé en ce que apreés la fin du processus de redis-
tribution, dans le dernier des condensateurs, sur le-
quella tension de référence (U, ) n'apas été obtenue
pendant le processus de redistribution, la charge
électrique accumulée y est laissée.

Appareil de conversion sans horloge d’un intervalle
de temps en mot numérique, contenant une unité de
redistribution, dont les entrées de commande sont
connectées aux sorties de commande du module de
commande, et le module de commande est équipé
d’une sortie de mot numérique, d'une sortie de fin
de traitement, d’'une entrée d’intervalle de temps
ainsi que d'une premiére entrée de commande,
connectée a la sortie du premier comparateur et la
deuxiéme entrée de commande connectée a la
sortie du deuxiéme comparateur, par contre a l'unité
de redistribution sont connectées la source de
tension auxiliaire, la section de condensateur
d’échantillonnage et la deuxiéme source de courant
commandée, dont I'entrée de commande est reliée
a la sortie de commande de la deuxiéme source de
courant, ou le premier pdle la deuxiéme source de
courant est connecté au rail source, et le deuxiéme
pble de la deuxiéme source de courant est connecté
au rail cible, et la source de la tension d’alimentation
est connectée au premier pdle de la premiére source
de courant, dont l'entrée de commande est
connectée a la sortie de commande de la premiére
source de courant, ol l'unité de redistribution
comprend des sections dont le nombre est égal au
nombre de bits du mot numérique, et la section de
condensateur d’échantillonnage et chaque section
d’'unité de redistribution comprend un connecteur
source, un connecteur cible, un commutateur de
masse et au moins un condensateur dont le
couvercle supérieur est connecté au rail source, via
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le connecteur source, et/ou au rail cible via le
connecteur cible, et le couvercle inférieur via
linterrupteur de masse, est connecté a la masse du
systéme ou & la source de tension auxiliaire, ou dans
lunité de redistribution, la capacité de chaque
condensateur d’'indice suivant est deux fois plus
grande que la capacité du condensateur qui le
précéde immédiatement ; de plus, le rail cible est
connecté a la masse du systéme via le connecteur
derail cible et al’entrée noninverseuse du deuxiéme
comparateur, dont [Ientrée inverseuse est
connectée a la source de tension de référence, etle
rail source est connecté a I'entrée inverseuse du
premier comparateur, dont 'entrée non inverseuse
est connectée a la source de tension auxiliaire,
tandis que les entrées de commande des
connecteurs sources ainsi que du connecteur de rail
cible sont connectées, respectivement, aux sorties
de commande du module de commande et les
entrées de commande des connecteurs cibles sont
couplées lune a [lautre et connectées,
respectivement, aux sorties de commande du
module de commande, caractérisé en ce que le
deuxiéme poéle de la premiére source de courant (1)
est connecté a la section du condensateur
d’échantillonnage  (A,), qui comprend le
condensateur d’échantillonnage supplémentaire
(C,p) ainsi que les commutateurs des couvercles
supérieurs (St,, St,p) et les commutateurs des
couvercles inférieurs (Sg,,, Sg,a), OU les couvercles
supérieurs du condensateur d’échantillonnage (C,,)
et du condensateur d'échantillonnage
supplémentaire (C,_q) sont connectés via les
commutateurs des couvercles supérieurs (St
Stha) avec le connecteur source (Sp,) et le
connecteur cible (S ,) ou avec le deuxiéme péle de
la premiére source de courant (I), tandis que les

couvercles inférieurs du condensateur
d’echantillonnage (C,) et du condensateur
d’échantillonnage supplémentaire (C,5) sont

connectés via les commutateurs des couvercles
inferieurs (Sg,,, Sg,a) avec le commutateur de
masse (Sgy) ou avec la masse de l'unité, et les
entrées de commande des commutateurs des
couvercles supérieurs (St,, St,a) a@insi que des
commutateurs des couvercles inférieurs (Sg,, Sgpa)
sont couplés l'un a l'autre et connectés a la sortie
respectivement avec la sortie de commande des
commutateurs des couvercles (Ag).

Appareil selon la revendication 5, caractérisé en ce
gu’au moins une section de l'unité de redistribution
(A) comprend un condensateur supplémentaire
(Ch-1a) Croas - Cqar Cop) @insi que les commuta-
teurs des couvercles supérieurs (St..1, St,2, -,
S115 S10, STn-1A STR2A: -+ ST1A, STOA) €t lES COM-
mutateurs des couverclesinférieurs (Sg,_1, Sgp.o, -
Sg1» S80: SBn-14 SBn-2a: - SB1a: Spoa)s OU les cou-
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vercles supérieurs des condensateurs (C, 4,
Cha -y Cyq, Cp) et des condensateurs supplémen-
taires (Cp..1a Choa, - C1a Coa) sont connectés,
respectivement, via les commutateurs des couver-
cles supérieurs (St,.1, Sty - » S71, S1o, STHo1AY
Stnoar - ST1a STa) @Vec les connecteurs sources
(SHn-1: SHnr - SH1» Sho) et les connecteurs cibles
(SLn-1> Sin-2s -+ SL1, So) ou avec le second pdle de
la premiére source de courant (1), tandis que les cou-
vercles inférieurs des condensateurs (C,,_, C,.0, ...,
C,, Cgy) et des condensateurs supplémentaires
(Ch1a Chops - Cqar Coa) sont raccordes, respec-
tivement, via les commutateurs des couvercles infé-
rieurs (Sgn.1, Sgn-2: - S1: Sgo: Sen-14) Sen-2ar -+
Sg1a Spoa) avec les commutateurs de masse
(San-1,San-o - Sa1: Sgo) ouavec lamasse du sys-
téme, et les entrées de commande des commuta-
teurs des couvercles supérieurs (St,1, Sty - »
5115 570 Stn1a STn2a: -+ ST1as ST0A) Bt IES COM-
mutateurs des couverclesinférieurs (Sg,_1, Sgp.2; ---
Sg1> SBo: Sen-1a: Sgn-2a: -+ Sg1a, Sgoa) SONt cOU-
plés I'un a l'autre et sont connectés a la sortie de
commande des commutateurs des couvercles (Ag).

Appareil selon la revendication 6, caractérisé en ce
gue les capacités du condensateur d’échantillonna-
ge (C,) et du condensateur d’échantillonnage sup-
plémentaire (C, ) ne sont pas inférieures a la capa-
cité du condensateur (C, ) qui a la plus grande ca-
pacité dans l'unité de redistribution.

Appareil selon la revendication 6, caractérisé en ce
que le condensateur supplémentaire (C, 44,
Chaoas - Cqas Coa) de unité de redistribution a une
capacité égale, respectivement, a la capacité du
condensateur (C,, 4, C,, ..., C4, Cp) de l'unité de
redistribution.

n-1s
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