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(57) ABSTRACT

The solution according to the invention consisting in conver-
sion of a time interval to a digital word of a number of bits
equal to n by the use of the array (A) of binary-scaled capaci-
tors (C.,,_, . .., Cy) is characterized in that the time interval
whose both start and end are detected by the control module
(CM) is first mapped to a portion of electric charge delivered
by the current source (I) and successively accumulated in the
capacitors ((C,,_y, . . ., Cy)) in the order of decreasing capaci-
tances starting from the capacitor (C, ;) having the highest
capacitance value in the array, and when the control module
(CM) detects the end of the time interval, the charge accumu-
lated in the capacitor (C,) charged recently is successively
transferred by the use of the current source (I) to the capaci-
tors of lower capacitance values. The process of charge trans-
fer is controlled by the control module (CM) on the basis of
the output signals of the comparators (K1) and (K2) without

(51) Imt.CL the use of a clock while the value one is assigned to these bits
GO4F 10/00 (2006.01) (b,,_1, - - ., by) in the digital output word that correspond to the
(52) US.CL capacitors (C,,_i, . . ., Cy) on which the reference voltage (U;)
CPC oo GO4F 10/00 (2013.01) of a desired value has been obtained, and the value zero is
USPC ettt 341/166 assigned to the other bits.
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METHOD AND APPARATUS FOR
CONVERSION OF TIME INTERVAL TO
DIGITAL WORD

[0001] The subject of this invention is a method and an
apparatus for conversion of a time interval to a digital word
that can be applied to measurements of pulse widths in moni-
toring and control systems.

[0002] The method for the conversion of a time interval to
a digital word known from the international patent applica-
tion WO2008/123786 consists in counting periods of the
reference clock during each pulse whose leading and trailing
edges define respectively the start and the end of the con-
verted time interval. The number of counted reference clock
periods corresponding to the difference between the final
state and the initial state of the counter represents the con-
verted time interval.

[0003] The apparatus for the conversion of analog signals
to digital signals with asynchronous Sigma-Delta modulation
known from the international patent application WO2008/
123786 containing converter of the time interval to the digital
word comprises the counter whose input programming its
initial state is connected to the setup register, whereas the
counting input of the counter is connected to the output of the
reference clock that is, on the other hand, connected to the
input of the control module. The other input of the control
module is connected to the output the asynchronous Sigma-
Delta modulator whereas the converted analog signal is pro-
vided to the input the asynchronous Sigma-Delta modulator.
The output of the counter is connected to the intermediate
buffer whose input is on the other hand connected to the
transmitting buffer while the output of the transmitting buffer
is the output the output of the apparatus at the same time. The
outputs of the control module are connected to the control
inputs of the intermediate buffer and of the transmitting buffer
respectively, and also to the input of the counter used for
programming its initial state.

[0004] The method according to the invention is character-
ized in that the time interval, whose both start and end are
detected by the use of the control module, is mapped to a
portion of electric charge proportional to the time interval,
while the portion of electric charge is delivered during the
time interval by the use of the current source and is accumu-
lated in an array of capacitors whereas a capacitance value of
a capacitor of a given index is twice as high as a capacitance
value of the capacitor of the previous index. Charge accumu-
lation is started from the capacitor having the highest capaci-
tance value in the array of capacitors and is realized from the
start of the time interval to the end of the time interval
detected by means of the control module or until the voltage,
which increases on the capacitor having the highest capaci-
tance value in the array of capacitors and is simultaneously
observed by the use of the second comparator, equals the
reference voltage value. In this case the charge accumulation
is continued in the subsequent capacitor in the array of capaci-
tors whose capacitance value is twice lower than the capaci-
tance value of the capacitor in which charge was accumulated
directly before and at the same time the voltage increasing on
the capacitor, in which charge is currently accumulated, is
compared to the reference voltage value by the use of the
second comparator. The cycle is repeated until the end of the
time interval is detected by means of the control module.
Afterwards, by writing the value of the index of the capacitor,
which is the last capacitor in which charge was accumulated,
the function of the source capacitor, whose index is defined by
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the content of the source capacitor index register in the con-
trol module, is assigned by means of the control module to the
capacitor in the array of capacitors which is the last capacitor
in which charge was accumulated. At the same time, by
writing the value of the source capacitor index register
reduced by one to the destination capacitor index register, the
function of the destination capacitor whose index is defined
by the content of the destination capacitor index register in the
control module is assigned by means of the control module to
the subsequent capacitor in the array whose capacitance value
is twice lower than the capacitance value of the source capaci-
tor. Then, the electric charge accumulated in the source
capacitor is transferred to the destination capacitor by the use
of'the current source. At the same time, the voltage increasing
on the destination capacitor is compared to the reference
voltage value by the use the second comparator, and also the
voltage on the source capacitor is observed by the use of the
first comparator. When the voltage on the source capacitor
observed by the use of the first comparator equals zero during
the charge transfer, the function of the source capacitor is
assigned to the current destination capacitor by means of the
control module on the basis of the output signal of the first
comparator by writing the current content of the destination
capacitor index register in the control module to the source
capacitor index register in the control module, and also the
function of the destination capacitor is assigned to the subse-
quent capacitor in the array whose capacitance value is twice
lower than the capacitance value of the capacitor that oper-
ated as the destination capacitor directly before by reducing
the content of the destination capacitor index register by one,
and charge transfer from a new source capacitor to a new
destination capacitor is continued by the use of the current
source. When the voltage on the destination capacitor
observed by the use of the second comparator equals the
reference voltage value during the transfer of charge from the
source capacitor to the destination capacitor, the function of
the destination capacitor is assigned by means of the control
module on the basis of the output signal of the second com-
parator to the subsequent capacitor in the array whose capaci-
tance value is twice lower than the capacitance value of the
capacitor that operated as the destination capacitor directly
before by reducing the content of the destination capacitor
index register by one. Next, the charge transfer from a source
capacitor to a new destination capacitor is continued, while
this process is still controlled by means of the control module
onthebasis of the output signals of both comparators until the
voltage on the source capacitor observed by the use of the first
comparator equals zero during the period in which the func-
tion of the destination capacitor is assigned to the capacitor
having the lowest capacitance value in the array of capacitors,
or the voltage increasing on the capacitor of the lowest capaci-
tance value in the array and observed at the same time by the
use of the second comparator equals the reference voltage
value while the value one is assigned to these bits in the digital
word corresponding to the capacitors in the array of capaci-
tors on which the voltage equal to the reference voltage value
has been obtained, and the value zero is assigned to the other
bits by means of the control module.

[0005] Inthe another variant of the method, electric charge
is delivered by the use of the current source and is accumu-
lated in the sampling capacitor during the time interval whose
both start and end are detected by means of the control mod-
ule, and after detecting the end of the time interval by means
of the control module, the function of the source capacitor
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whose index is defined by the content of the source capacitor
index register in the control module is assigned by means of
the control module to the sampling capacitor by writing the
value of the index of the sampling capacitor to the source
capacitor index register, and also the function of the destina-
tion capacitor whose index is defined by the content of the
destination capacitor index register in the control module is
assigned by means of the control module to the capacitor
having the highest capacitance value in the array of capacitors
by writing the value of the index of the capacitor having the
highest capacitance value in the array of capacitors to the
destination capacitor index register. After that, the process of
electric charge transfer from the source capacitor to the des-
tination capacitor is realized by the use of the current source
on the basis of the output signals of both comparators until the
voltage on the source capacitor observed by the use of the first
comparator equals zero during the period in which the func-
tion of the destination capacitor is assigned to the capacitor
having the lowest capacitance value in the array of capacitors,
or the voltage, which increases on the capacitor having the
lowest capacitance value in the array of capacitors and is
simultaneously observed by the use of the second comparator,
equals the reference voltage value.

[0006] Inthe another variant of the method, electric charge
is delivered by the use of the current source and is accumu-
lated during the time interval whose both start and end are
detected by means of the control module in the capacitor
having the highest capacitance value in the array of capacitors
and at the same time in the sampling capacitor connected in
parallel to the capacitor having the highest capacitance value
in the array of capacitors where the capacitance value of the
sampling capacitor is not smaller than the capacitance value
of the capacitor having the highest capacitance value in the
array of capacitors. Next, after detecting the end of the time
interval by means of the control module, the function of the
source capacitor whose index is defined by the content of the
source capacitor index register in the control module is
assigned by means of the control module to the sampling
capacitor by writing the value of the index of the sampling
capacitor to the source capacitor index register, and also the
function of the destination capacitor whose index is defined
by the content of the destination capacitor index register in the
control module is assigned by means of the control module to
the capacitor having the highest capacitance value in the array
of capacitors by writing the value of the index of the capacitor
having the highest capacitance value in the array of capacitors
to the destination capacitor index register. Afterwards, the
process of the electric charge transfer from the source capaci-
tor to the destination capacitor is realized by the use of the
current source on the basis of the output signals of both
comparators until the voltage on the source capacitor
observed by the use of the first comparator equals zero during
the period in which the function of the destination capacitoris
assigned to the capacitor having the lowest capacitance value
in the array of capacitors, or the voltage, which increases on
the capacitor having the lowest capacitance value in the array
of capacitors and is simultaneously observed by the use of the
second comparator, equals the reference voltage value.

[0007] In the another variant of the method, after detecting
the end of the time interval by means of the control module
and after writing the values of indexes of relevant capacitors
to the source capacitor index register and to the destination
capacitor index register by means of the control module, the
process of charge redistribution is realized during which
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charge is transferred from the source capacitor to the desti-
nation capacitor by the use of the additional current source,
whose effectiveness is different from the effectiveness of the
current source, and the process of charge redistribution is
controlled by means of the control module on the basis of the
output signals of both comparators until the voltage on the
source capacitor observed by the use of the first comparator
equals zero during the period in which the function of the
destination capacitor is assigned to the capacitor having the
lowest capacitance value in the array of capacitors, or the
voltage, which increases on the capacitor having the lowest
capacitance value in the array of capacitors and is simulta-
neously observed by the use of the second comparator, equals
the reference voltage value.

[0008] Inthe another variant of the method, electric charge
is delivered by the use of the current source and is accumu-
lated in the sampling capacitor during the time interval whose
both start and end are detected by means of the control mod-
ule, and after detecting the end of the time interval by means
of the control module, the function of the source capacitor
whose index is defined by the content of the source capacitor
index register in the control module is assigned by means of
the control module to the sampling capacitor by writing the
value of the index of the sampling capacitor to the source
capacitor index register, and also the function of the destina-
tion capacitor whose index is defined by the content of the
destination capacitor index register in the control module is
assigned by means of the control module to the capacitor
having the highest capacitance value in the array of capacitors
by writing the value of the index of the capacitor having the
highest capacitance value in the array of capacitors to the
destination capacitor index register, and after that, the process
of redistribution of accumulated electric charge is realized
during which charge is transferred from the source capacitor
to the destination capacitor by the use of the additional current
source whose effectiveness is different from the effectiveness
of'the current source and the process of charge redistribution
is realized on the basis of the output signals of both compara-
tors until the voltage on the source capacitor observed by the
use of the first comparator equals zero during the period in
which the function of the destination capacitor is assigned to
the capacitor having the lowest capacitance value in the array
of capacitors, or the voltage, which increases on the capacitor
having the lowest capacitance value in the array of capacitors
and is simultaneously observed by the use of the second
comparator, equals the reference voltage value.

[0009] Inthe another variant of the method, electric charge
is delivered by the use of the current source and accumulated
during the time interval whose start and whose end are
detected by means of the control module in the capacitor
having the highest capacitance value in the array of capacitors
and at the same time in the sampling capacitor connected in
parallel to the capacitor having the highest capacitance value
in the array of capacitors where the capacitance value of the
sampling capacitor is not smaller than the capacitance value
of the capacitor having the highest capacitance value in the
array of capacitors, and after detecting the end of the time
interval by means of the control module, the function of the
source capacitor whose index is defined by the content of the
source capacitor index register in the control module is
assigned by means of the control module to the sampling
capacitor by writing the value of the index of the sampling
capacitor to the source capacitor index register, and also the
function of the destination capacitor whose index is defined
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by the content of the destination capacitor index register in the
control module is assigned by means of the control module to
the capacitor having the highest capacitance value in the array
of capacitors by writing the value of the index of the capacitor
having the highest capacitance value in the array of capacitors
to the destination capacitor index register, and after that, the
process of redistribution of accumulated electric charge is
realized during which charge is transferred from the source
capacitor to the destination capacitor by the use of the addi-
tional current source whose effectiveness is different from the
effectiveness of the current source, and the process of charge
redistribution is realized on the basis of the output signals of
both comparators until the voltage on the source capacitor
observed by the use of the first comparator equals zero during
the period in which the function of the destination capacitoris
assigned to the capacitor having the lowest capacitance value
in the array of capacitors, or the voltage, which increases on
the capacitor having the lowest capacitance value in the array
of capacitors and is simultaneously observed by the use of the
second comparator, equals the reference voltage value.

[0010] Apparatus according to the invention containing the
control module equipped with the digital output is character-
ized in that the apparatus comprises the array of capacitors
whose control inputs are connected to the set of control out-
puts of the control module, and the control module is
equipped with the digital output, the complete conversion
signal output, the time interval signal input and two control
inputs where the first control input is connected to the output
of'the first comparator whose inputs are connected to one pair
of outputs of the array of capacitors, and the other control
input of the control module is connected to the output of the
second comparator whose inputs are connected to the other
pair of outputs of the array, and furthermore, the voltage
supply, the source of auxiliary voltage together with the
source of the reference voltage and the controlled current
source are connected to the array of capacitors, and the con-
trol input of the controlled current source is connected to the
relevant control output of the control module.

[0011] In this variant of the apparatus, the array comprises
anumber of n capacitors, and a capacitance value of a capaci-
tor of a given index is twice as high as a capacitance value of
the capacitor of the previous index, and the top plate of the
capacitor having the highest capacitance value in the array of
capacitors is connected through the closed first on-off switch
to the first rail with which the top plates of the other capacitors
in the array are connected through the open first on-off
switches while the top plate of the capacitor having the high-
est capacitance value in the array of capacitors is also con-
nected through the closed second on-off switch to the second
rail with which the top plates of the other capacitors in the
array are connected through the open second on-off switches.
On the other hand, the bottom plate of the capacitor having the
highest capacitance value in the array of capacitors is con-
nected to the ground of the circuit through the change-over
switch whose moving contact is connected to its first station-
ary contact and the other stationary contact of the change-
over switch is connected to the source of auxiliary voltage and
also to the non-inverting input of the first comparator while
the bottom plates of the other capacitors in the array are
connected to the source of auxiliary voltage through the
change-over switches whose moving contacts are connected
to their other stationary contacts, and the first stationary con-
tacts of the change-over switches are connected to the ground
of the circuit. The first rail is connected to the ground of the
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circuit through the open 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,
while the second rail is connected to the inverting input of the
first comparator. The control inputs of the first on-off switches
and the control inputs ofthe change-over switches in the array
are coupled together and connected to the relevant control
outputs of the control module, while the control inputs of the
second on-oft switches and the control input of the first rail
on-off switch are connected to the relevant control outputs of
the control module. On the other hand, one end of the current
source is connected to the voltage supply through the current
source change-over switch whose moving contact is con-
nected to its first stationary contact, and the other stationary
contact of the current source change-over switch is connected
to the second rail, and the other end of the current source is
connected to the first rail, and furthermore, the control input
of the current source is connected to the relevant control
output of the control module, and the control input of the
current source change-over switch is connected to the rel-
evant control output of the control module.

[0012] In the another version of this apparatus variant, the
sampling capacitor is connected to the array of capacitors,
while the top plate of the sampling capacitor is connected to
the first rail through the closed first on-off switch and also it is
connected to the second rail through the open second on-off
switch, whereas the bottom plate of the sampling capacitor is
connected to the ground of the circuit through the change-
over switch whose moving contact is connected to its first
stationary contact, and the other stationary contact of the
change-over switch is connected to the source of auxiliary
voltage. The control input of the first on-off switch and the
control input of the change-over switch are coupled together
and connected to the control output of the control module,
whereas the control input of the second on-off switch is
connected to the other control output of the control module.
Furthermore, the top plate of the capacitor having the highest
capacitance value in the array of capacitors is connected to the
first rail through the open first on-off switch and to the second
rail through the closed second on-off switch, while the bottom
plate of the capacitor having the highest capacitance value in
the array of capacitors is connected to the source of auxiliary
voltage through the change-over switch whose moving con-
tact is connected to its other stationary contact, whereas the
first stationary contact of the change-over switch is connected
to the ground of the circuit.

[0013] In the another version of this apparatus variant, the
sampling capacitor is connected to the array of capacitors
where the capacitance value of the sampling capacitor is not
smaller than the capacitance value of the capacitor having the
highest capacitance value in the array of capacitors, while the
sampling capacitor is connected in parallel to the capacitor
having the highest capacitance value in the array of capacitors
through the first rail and through the ground of the circuit in a
way that the top plate of the sampling capacitor is connected
to the first rail through the closed first on-oft switch, and on
the other hand, the bottom plate of the sampling capacitor is
connected to the ground of the circuit through the change-
over switch whose moving contact is connected to its first
stationary contact, and the other stationary contact of the
change-over switch is connected to the source of auxiliary
voltage. Moreover, the top plate of the sampling capacitor is
connected also to the second rail through the open second
on-off switch, whereas the control input of the first on-off
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switch and the control input of the change-over switch are
coupled together and connected to the control output of the
control module, and the control input of the second on-off
switch is connected to the other control output of the control
module.

[0014] In the another variant of the apparatus, a controlled
additional current source is connected to the array of capaci-
tors, and the control input of the additional current source is
connected to the relevant control output of the control mod-
ule.

[0015] In this variant of the apparatus, the array of capaci-
tors comprises a number of n capacitors, and a capacitance
value of a capacitor of a given index is twice as high as a
capacitance value of the capacitor of the previous index. The
top plate of the capacitor having the highest capacitance value
in the array of capacitors is connected through the closed first
on-off switch to the first rail with which the top plates of the
other capacitors in the array of capacitors are connected
through the open first on-off switches, while the top plate of
the capacitor having the highest capacitance value in the array
of capacitors is also connected through the closed second
on-off switch to the second rail with which the top plates of
the other capacitors in the array are connected through the
open second on-off switches. On the other hand, the bottom
plate of the capacitor having the highest capacitance value in
the array of capacitors is connected to the ground of the circuit
through the change-over switch whose moving contact is
connected to its first stationary contact and the other station-
ary contact of the change-over switch is connected to the
source of auxiliary voltage and also to the non-inverting input
of the first comparator, while the bottom plates of the other
capacitors in the array are connected to the source of auxiliary
voltage through the change-over switches whose moving
contacts are connected to their other stationary contacts, and
the first stationary contacts of the change-over switches are
connected to the ground of the circuit. The first rail is con-
nected to the ground of the circuit through the open 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, while the second rail is connected to
the inverting input of the first comparator. The control inputs
of the first on-off switches and the control inputs of the
change-over switches in the array are coupled together and
connected to the relevant control outputs of the control mod-
ule while the control inputs ofthe second on-off switches and
the control input of the first rail on-oft switch are connected to
the relevant control outputs of the control module. Further-
more, one end of the current source is connected to the voltage
supply, and the other end of the current source is connected to
the first rail with which also the other end of the additional
current source is connected. One end of the additional current
source is connected to the second rail, and the control input of
the current source is connected to the relevant control output
of'the control module while the control input of the additional
current source is connected to the other control output of the
control module.

[0016] In the another version of this apparatus variant, the
sampling capacitor is connected to the array of capacitors
while the top plate of the sampling capacitor is connected to
the first rail through the closed first on-off switch and also it is
connected to the second rail through the closed second on-off
switch, whereas the bottom plate of the sampling capacitor is
connected to the ground of the circuit through the change-
over switch whose moving contact is connected to its first

Aug. 29,2013

stationary contact, and the other stationary contact of the
change-over switch is connected to the source of auxiliary
voltage. The control input of the first on-off switch and the
control input of the change-over switch are coupled together
and connected to the relevant control output of the control
module, whereas the control input of the second on-off switch
is connected to the other control output of the control module,
and also the top plate of the capacitor having the highest
capacitance value in the array of capacitors is connected to the
first rail through the open first on-off switch and to the second
rail through the open second on-off switch, while the bottom
plate of the capacitor having the highest capacitance value in
the array of capacitors is connected to the source of auxiliary
voltage through the change-over switch whose moving con-
tact is connected to its other stationary contact, whereas the
first stationary contact of the change-over switch is connected
to the ground of the circuit.

[0017] In the another version of this apparatus variant, the
sampling capacitor is connected to the array of capacitors
where the capacitance value of the sampling capacitor is not
smaller than the capacitance value of the capacitor having the
highest capacitance value in the array of capacitors, while the
sampling capacitor is connected in parallel to the capacitor
having the highest capacitance value in the array of capacitors
through the first rail and through the ground of the circuit in a
way that the top plate of the sampling capacitor is connected
to the first rail through the closed first on-oft switch, and on
the other hand, the bottom plate of the sampling capacitor is
connected to the ground of the circuit through the change-
over switch whose moving contact is connected to its first
stationary contact, and the other stationary contact of the
change-over switch is connected to the source of auxiliary
voltage. Moreover, the top plate of the sampling capacitor is
connected also to the second rail through the closed second
on-off switch, whereas the control input of the first on-off
switch and the control input of the change-over switch are
coupled together and connected to the relevant control output
of the control module, and the control input of the second
on-off switch is connected to the other control output of the
control module while the top plate of the capacitor having the
highest capacitance value in the array of capacitors is con-
nected to the first rail through the closed first on-oft switch
and also to the second rail through the open second on-off
switch whereas the bottom plate of the capacitor having the
highest capacitance value in the array of capacitors is con-
nected to the ground of the circuit through the change-over
switch whose moving contact is connected to its other sta-
tionary contact, whereas the first stationary contact of the
change-over switch is connected to the source of auxiliary
voltage.

[0018] The method and the apparatus for conversion of a
time interval to a digital word according to the invention is
characterized by simplicity of design. Furthermore, the use of
the external gate signal and the comparators output signals for
indication of instants of appropriate state transitions in the
apparatus enables an external source of clock signal consum-
ing considerable amount of energy to be eliminated, and thus,
it causes a significant reduction of energy consumption by the
apparatus. The conversion process according to the invention
allows the number of state transitions in the circuit to be
reduced multiple times for a given resolution compared to the
known solutions which use counting reference clock periods.
Since the amount of energy needed to realize a conversion
cycle is proportional to the number of state transitions in the
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circuit, the solution according to the invention enables the
reduction of energy consumed by the conversion apparatus.
The use of an additional sampling capacitor for the accumu-
lation of the converted electric charge allows a means of
controlling apparatus operation to be simplified. The accu-
mulation of charge in the additional sampling capacitor and at
the same time in the capacitor having the highest capacitance
value in the array of capacitors allows the required capaci-
tance value of the sampling capacitor to be reduced twice with
the same maximum value of voltage obtained on the sampling
capacitor. Moreover, it also allows the duration of the transfer
of charge accumulated in the sampling capacitor to subse-
quent capacitors in the array to be decreased. The use of an
additional current source whose effectiveness is higher from
the effectiveness of the current source allows the duration of
the charge redistribution process to be reduced compared to
the solution that does not use the additional current source.
On the other hand, the maximum time of the charge redistri-
bution process with the additional current source can be
reduced many times compared to the maximum duration of
converted time intervals.

[0019] The solution according to the invention is presented
in the following figures.

[0020] FIG. 1—illustrates a block diagram of the appara-
tus.
[0021] FIG. 2—illustrates the schematic diagram of the

apparatus in the relaxation phase.

[0022] FIG. 3—illustrates the schematic diagram of the
apparatus after detecting the start of the time interval at time
of'starting the charge accumulation in the capacitor C,, | inthe
array of capacitors.

[0023] FIG. 4—illustrates the schematic diagram of the
apparatus during the accumulation of charge in the subse-
quent capacitor C, in the array of capacitors.

[0024] FIG. 5—illustrates the schematic diagram of the
apparatus during the transfer of charge from the source
capacitor C, to the destination capacitor C, in the array of
capacitors.

[0025] FIG. 6—illustrates the schematic diagram of the
another version of the apparatus in the relaxation phase.
[0026] FIG. 7—illustrates the schematic diagram of the
another version of the apparatus at time of starting the charge
accumulation in the sampling capacitor C,,.

[0027] FIG. 8—illustrates the schematic diagram of the
another version of the apparatus at time of starting the charge
transfer from the source capacitor C, to the destination capaci-
tor C, for i=n and k=n-1.

[0028] FIG. 9—illustrates the schematic diagram of the
another version of the apparatus at time of starting the charge
accumulation both in the sampling capacitor C, and in the
capacitor C,,_; connected in parallel.

[0029] FIG. 10—illustrates a block diagram of the another
variant of the apparatus.

[0030] FIG. 11—illustrates the schematic diagram of the
another variant of the apparatus in the relaxation phase.
[0031] FIG. 12—illustrates the schematic diagram of the
another variant of the apparatus after detecting the start of the
time interval at time of starting the charge accumulation in the
capacitor C,_; in the array of capacitors.

[0032] FIG. 13—illustrates the schematic diagram of the
another variant of the apparatus during the accumulation of
charge in the subsequent capacitor C, in the array of capaci-
tors.
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[0033] FIG. 14—illustrates the schematic diagram of the
another variant of the apparatus during the transfer of charge
from the source capacitor C, to the destination capacitor C,.

[0034] FIG. 15—illustrates the schematic diagram of the
another version of the apparatus variant in the relaxation
phase.

[0035] FIG. 16—illustrates the schematic diagram of the
another version of the apparatus variant at time of starting the
charge accumulation in the sampling capacitor C,,.

[0036] FIG. 17—illustrates the schematic diagram of the
another version of the apparatus variant at time of starting the
charge transfer from the source capacitor C, to the destination
capacitor C, for i=n and k=n-1.

[0037] FIG. 18—illustrates the schematic diagram of the
another version of the apparatus variant at time of starting the
charge accumulation both in the sampling capacitor C,, and in
the capacitor C,,_; connected in parallel.

[0038] The method according to the invention consists in
that the time interval, whose both start and whose end are
detected by the use of the control module CM, is mapped to a
portion of electric charge proportional to the time interval,
while the portion of electric charge is delivered during the
time interval by the use of current source [ and accumulated in
an array A of capacitors C,, |, C, ,, . . ., C,, C,, whereas a
capacitance value of a capacitor of a given index is twice as
high as a capacitance value of the capacitor of the previous
index. Charge accumulation is started from the capacitor C,,_,
having the highest capacitance value in the array A of capaci-
tors and is realized from the start of the time interval to the end
of the time interval detected by means of the control module
CM or until the voltage U,,_,, which increases on the capacitor
C,,.; and is simultaneously observed by the use of the second
comparator K2, equals the reference voltage U, value, and in
this case the charge accumulation is continued in the subse-
quent capacitor in the array A of capacitors whose capaci-
tance value is twice lower than the capacitance value of the
capacitor in which charge was accumulated directly before,
and at the same time the voltage, increasing on the capacitor
in which charge is accumulated currently, is compared to the
reference voltage U, value by the use of the second compara-
tor K2. The cycle is repeated until the end of the time interval
is detected by means of the control module CM, and after-
wards, the function of the source capacitor C,, whose index is
defined by the content of the source capacitor C, index register
in the control module CM, is assigned by means ofthe control
module CM to the capacitor C, in the array A of capacitors by
writing the value of the index of the capacitor C, to the source
capacitor C; index register where the capacitor C, is the last
capacitor in which charge was accumulated, and the function
of the destination capacitor C, whose index is defined by the
content of the destination capacitor C, index register in the
control module CM is assigned by means of the control mod-
ule CM to the subsequent capacitor in the array A whose
capacitance value is twice lower than the capacitance value of
the source capacitor C, by writing the value stored in the
source capacitor C, index register reduced by one to the des-
tination capacitor C, index register. Then, the charge accu-
mulated in the source capacitor C, is transferred to the desti-
nation capacitor C, by the use of the current source I and at the
same time the voltage U, increasing on the destination capaci-
tor C, is compared to the reference voltage U, value by the use
the second comparator K2, and also the voltage U, on the
source capacitor C, is observed by the use of the first com-
parator K1. When the voltage U, on the source capacitor C,
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observed by the use of the first comparator K1 equals zero
during the charge transfer, the function of the source capacitor
C, is assigned to the current destination capacitor 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 capacitor C, index register in the control module
CM to the source capacitor C, index register in the control
module CM, and also the function of the destination capacitor
C, is assigned to the subsequent capacitor in the array A
whose capacitance value is twice lower than the capacitance
value of the capacitor that operated as the destination capaci-
tor directly before by reducing the content of the destination
capacitor C, index register by one, and charge transfer from a
new source capacitor C, to a new destination capacitor C, is
continued by the use of the current source 1. On the other
hand, when the voltage U, on the destination capacitor C,
observed by the use of the second comparator K2 equals the
reference voltage U, value during the transfer of charge from
the source capacitor C, to the destination capacitor C,, 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 A whose capacitance value is twice lower than the
capacitance value of the capacitor that operated as the desti-
nation capacitor directly before by reducing the content of the
destination capacitor C, index register by one, and also the
charge transfer from the source capacitor C, to a new desti-
nation capacitor C, is continued. This process is still con-
trolled by means of the control module CM on the basis of the
output signals of the 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 in which the
function of the destination capacitor C, is assigned to the
capacitor C, having the lowest capacitance value in the array
A of capacitors, or the voltage U, increasing on the capacitor
C, and observed at the same time by the use of the second
comparator K2 equals the reference voltage U, value while
the value one is assigned to these bits b,,_;, b, 5, ..., b;, byin
the digital word corresponding to the capacitors C,,_;, C, 5, .
.., C,, C, in the array A of capacitors on which the voltage
equal to the reference voltage U, value has been obtained, and
the value zero is assigned to the other bits by means of the
control module CM.

[0039] Inthe another variant of the method, electric charge
is delivered by the use of the current source I and accumulated
in the sampling capacitor C,, during the time interval, whose
both start and end are detected by means of the control mod-
ule CM, and after detecting the end of the time interval by
means of the control module CM, the function of the source
capacitor C, whose index is defined by the content of the
source capacitor C, index register in the control module CM is
assigned by means of the control module CM to the sampling
capacitor C,, by writing the value of the index of the sampling
capacitor C,, to the source capacitor C, index register, and also
the function of the destination capacitor C, whose index is
defined by the content of the destination capacitor C, index
register in the control module CM is assigned by means of the
control module CM to the capacitor C,_; having the highest
capacitance value in the array A of capacitors by writing the
value of the index of the capacitor C, ; to the destination
capacitor C, index register. Next, the process of electric
charge transfer from the source capacitor C, to the destination
capacitor C, is realized by the use of the current source I. This
process is controlled by means of the control module CM on
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the basis of the output signals of the 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 in
which the function of the destination capacitor C, is assigned
to the capacitor C, having the lowest capacitance value in the
array A of capacitors, or the voltage U, which increases on
the capacitor C, and is simultaneously observed by the use of
the second comparator K2, equals the reference voltage U,
value.

[0040] Inthe another variant of the method, electric charge
is delivered by the use of the current source I and is accumu-
lated during the time interval whose both start and end are
detected by means of the control module CM in the capacitor
C,,.; having the highest capacitance value in the array A of
capacitors and at the same time in the sampling capacitor C,,
connected in parallel to the capacitor C,,_; in the array A of
capacitors where the capacitance value of the sampling
capacitor C,, is not smaller than the capacitance value of the
capacitor C,,_,. After detecting the end of the time interval by
means of the control module CM, the function of the source
capacitor C, whose index is defined by the content of the
source capacitor C, index register in the control module CM is
assigned by means of the control module CM to the sampling
capacitor C,, by writing the value of the index of the sampling
capacitor C,, to the source capacitor C, index register, and also
the function of the destination capacitor C, whose index is
defined by the content of the destination capacitor C, index
register in the control module CM is assigned by means of the
control module CM to the capacitor C,,_; in the array A of
capacitors by writing the value of the index of the capacitor
C,,., inthearray A of capacitors to the destination capacitor C,
index register. After that, the process of the charge transfer
from the source capacitor C, to the destination capacitor C, is
realized by the use of the current source 1. This process is
controlled by means of the control module CM on the basis of
the output signals of the 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 in which
the function of the destination capacitor C, is assigned to the
capacitor C, having the lowest capacitance value in the array
A of capacitors, or the voltage U,, which increases on the
capacitor C, and is simultaneously observed by the use of the
second comparator K2, equals the reference voltage U, value.

[0041] Inthe another variant of the method, after detecting
the end of the time interval by means of the control module
CM and after writing the values of indexes of relevant capaci-
tors to the source capacitor C, index register and to the desti-
nation capacitor C, index register by means of the control
module CM, the process of charge redistribution is realized
during which charge is transferred from the source capacitor
C, to the destination capacitor C, by the use of the additional
current source J whose effectiveness is different from the
effectiveness of the current source I while it is preferred to use
the additional current source J whose effectiveness is higher
than the effectiveness of the current source 1. The process of
charge redistribution is controlled by means of the control
module CM on the basis of the output signals of the compara-
tors 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 in which the function of the destination
capacitor C, is assigned to the capacitor C, having the lowest
capacitance value in the array A of capacitors, or the voltage
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Uy, which increases on the capacitor C, and is simultaneously
observed by the use of the second comparator K2, equals the
reference voltage U, value.

[0042] Inthe another variant of the method, electric charge
is delivered by the use of the current source [ and is accumu-
lated in the sampling capacitor C,, during the time interval
whose both start and end are detected by means of the control
module CM. After detecting the end of the time interval by
means of the control module CM, the function of the source
capacitor C, whose index is defined by the content of the
source capacitor C, index register in the control module CM is
assigned by means of the control module CM to the sampling
capacitor C,, by writing the value of the index of the sampling
capacitor C,, to the source capacitor C, index register, and also
the function of the destination capacitor C, whose index is
defined by the content of the destination capacitor C, index
register in the control module CM is assigned by means of the
control module CM to the capacitor C,,_; having the highest
capacitance value in the array A of capacitors by writing the
value of the index of the capacitor C,,_; to the destination
capacitor index register. After that, the process of redistribu-
tion of accumulated electric charge is realized during which
charge is transtferred from the source capacitor C, to the des-
tination capacitor C, by the use of the additional current
source ] whose effectiveness is different from the effective-
ness of the current source 1 while it is preferred to use the
additional current source J whose effectiveness is higher than
the effectiveness of the current source I. This process is con-
trolled by means of the control module CM on the basis of the
output signals of the 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 in which the
function of the destination capacitor C, is assigned to the
capacitor C, having the lowest capacitance value in the array
A of capacitors, or the voltage U,, which increases on the
capacitor C, and is simultaneously observed by the use of the
second comparator K2, equals the reference voltage U, value.

[0043] Inthe another variant of the method, electric charge
is delivered by the use of the current source [ and is accumu-
lated during the time interval whose both start and end are
detected by means of the control module CM in the capacitor
C,,.; having the highest capacitance value in the array A of
capacitors and at the same time in the sampling capacitor C,,
connected in parallel to the capacitor C,,_; in the array A of
capacitors where the capacitance value of the sampling
capacitor C,, is not smaller than the capacitance value of the
capacitor C,,_, . After detecting the end of the time interval by
means of the control module CM, the function of the source
capacitor C, whose index is defined by the content of the
source capacitor C, index register in the control module CM is
assigned by means of the control module CM to the sampling
capacitor C,, by writing the value of the index of the sampling
capacitor C, to the source capacitor C, index register, and also
the function of the destination capacitor C, whose index is
defined by the content of the destination capacitor C, index
register in the control module CM is assigned by means of the
control module CM to the capacitor C,_; in the array A of
capacitors by writing the value of the index of the capacitor
C,,., inthearray A of capacitors to the destination capacitor C,,
index register. After that, the process of redistribution of
accumulated charge is realized during which charge is trans-
ferred from the source capacitor C, to the destination capaci-
tor C, by the use of the additional current source J whose
effectiveness is different from the effectiveness of the current
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source I while it is preferred to use the additional current
source J whose effectiveness is higher than the effectiveness
of'the current source 1. This process is controlled by means of
the control module CM on the basis of the output signals of
the 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 in which the function of the
destination capacitor C, is assigned to the capacitor C, having
the lowest capacitance value in the array A of capacitors, or
the voltage U, which increases on the capacitor C, and is
simultaneously observed by the use of the second comparator
K2, equals the reference voltage U, value.

[0044] The apparatus according to the invention comprises
the array A of capacitors whose control inputs are connected
to the set of control outputs E of the control module CM, and
the control module CM is equipped with the digital output B,
the complete conversion signal output OutR, the time interval
signal input InT and two control inputs In1 and In2. The first
control input In1 is connected to the output of the first com-
parator K1 whose inputs are connected to one pair of outputs
of'the array A of capacitors, and the other control input In2 of
the control module CM is connected to the output of the
second comparator K2 whose inputs are connected to the
other pair of outputs of the array A. Furthermore, the voltage
supply U, the source of auxiliary voltage U, together with
the source of the reference voltage U, and the controlled
current source [ are connected to the array A of capacitors, and
the control input of the controlled current source I is con-
nected to the control output A; of the control module CM.

[0045] The array A in this variant of the apparatus com-
prises a number of n capacitors C,_;,C,,,,...,C;,Cy,and a
capacitance value of a capacitor of a given index is twice as
high as a capacitance value of the capacitor of the previous
index, while a relevant bitb,,_;, b, ,, . . ., by, b, in the digital
output B ofthe control module CM is assigned to each capaci-
torC, ;,C,.,, ..., Cy, C,. The top plate of the capacitor C,,
having the highest capacitance value in the array A of capaci-
tors is connected through the closed first on-off switch S, |
to the first rail I with which the top plates of the other
capacitors C,, ,, . . ., C,, C, in the array A of capacitors are
connected through the open first on-off switches S, ., . . .,
S;1s Sy, while the top plate of the capacitor C,,_; is also
connected through the closed second on-off switch S, | to
the second rail H with which the top plates of the other
capacitors C,, ,, . . . , C;, C, in the array A are connected
through the open second on-off switches S, », ..., Sz, Sz

The bottom plate of the capacitor C,,_; is connected to the
ground of the circuit through the change-over switch S, ;
whose moving contact is connected to its first stationary
contact and the other stationary contact of the change-over
switch S, | is connected to the source of auxiliary voltage
U, and also to the non-inverting input of the first comparator
K1. The bottom plates of the other capacitors C,, ,,...,C,,C,
in the array A are connected to the source of auxiliary voltage
Uy, through the change-over switches S, 5, - - -, Sg1s Sao
whose moving contacts are connected to their other stationary
contacts, and the first stationary contacts of the change-over
switches S5, », . . ., Sg;, S are connected to the ground of
the circuit. On the other hand, the first rail L is connected to
the ground of the circuit through the open first rail on-off
switch S,;; and to the non-inverting input of the second
comparator K2 whose inverting input is connected to the
source of the reference voltage U, while the second rail H is
connected to the inverting input of the first comparator K1.
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Moreover, the control inputs of the first on-off switches S, , |,
S;ras - - -5 S71S,, and the control inputs of the change-over
switches S, 1, Sgyas - - - 5 Sy Sgo i the array A are coupled
together and connected to the relevant control outputs I, ;,
1,5 ..., 1,1, of the set of control outputs E of the control
module CM, while the control inputs of the second on-off
switches S;;, 1, Szpy0s - -« 5 Sg1s Spo and the control input of
the first rail on-off switch S;,;; are connected to the relevant
control outputs D, ;, D, ,, ..., Dy, Dyand D, of the set of
control outputs E of the control module CM. Furthermore,
one end of the current source I is connected to the voltage
supply U, through the current source change-over switch S,
whose moving contact is connected to its first stationary
contact, and the other stationary contact of the current source
change-over switch S; is connected to the second rail H, and
the other end of the current source I is connected to the first
rail L, and furthermore, the control input of the current source
1 is connected to the control output A, of the control module
CM, and the control input of the current source change-over
switch S; is connected to the control output A of the control
module CM.

[0046] In the another version of this apparatus variant, the
sampling capacitor C,, is connected to the array A of capaci-
tors, while the top plate of the sampling capacitor C,, is con-
nected to the first rail L through the closed first on-off switch
S;,, and also it is connected to the second rail H through the
open second on-off switch S,,. The bottom plate of the sam-
pling capacitor C,, is connected to the ground of the circuit
through the change-over switch S, whose moving contact is
connected to its first stationary contact, and the other station-
ary contact of the change-over switch S5, is connected to the
source of auxiliary voltage U, and the control input of the
first on-off switch S, and the control input of the change-
over switch S, are coupled together and connected to the
control output I, of the control module CM, whereas the
control input of the second on-off switch S, is connected to
the control output D, of the control module CM. Furthermore,
the top plate of the capacitor C,,_; having the highest capaci-
tance value in the array A of capacitors is connected to the first
rail L through the open first on-off switch S;, | and to the
second rail H through the closed second on-off switch S, |,
while the bottom plate of the capacitor C,, | is connected to the
source of auxiliary voltage U, through the change-over
switch S;,,_, whose moving contact is connected to its other
stationary contact, whereas the first stationary contact of the
change-over switch S, ; is connected to the ground of the
circuit.

[0047] In the another version of this apparatus variant, the
sampling capacitor C,, is connected to the array A of capaci-
tors where the capacitance value of the sampling capacitor C,,
is not smaller than the capacitance value of the capacitor C,,_|
having the highest capacitance value in the array A of capaci-
tors, while the sampling capacitor C,, is connected in parallel
to the capacitor C,,_, in the array A of capacitors through the
first rail L. and through the ground of the circuit in a way that
the top plate of the sampling capacitor C,, is connected to the
first rail L through the closed first on-off switch S, , and on
the other hand, the bottom plate of the sampling capacitor C,
is connected to the ground of the circuit through the change-
over switch S ;, whose moving contact is connected to its first
stationary contact, and the other stationary contact of the
change-over switch S, is connected to the source of auxil-
iary voltage U,. Moreover, the top plate of the sampling
capacitor C,, is connected also to the second rail H through the
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open second on-off switch S, whereas the control input of
the first on-off switch S;,, and the control input of the change-
over switch S, are coupled together and connected to the
control output I, of the control module CM, and the control
input of the second on-off switch S, is connected to the
control output D, of the control module CM.

[0048] In the another variant of the apparatus, a controlled
additional current source J is connected to the array A of
capacitors whereas the effectiveness of the additional current
source J is different from the effectiveness of the current
source I while it is preferred to use the additional current
source J whose effectiveness is higher than the effectiveness
of'the current source I, and the control input of the additional
current source J is connected to the control output A ; of the
control module CM.

The array A of capacitors in this variant of the apparatus
comprises a number of n capacitors C,,_;, C,,», . ¢, Co,and
a capacitance value of a capacitor of a given index is twice as
high as a capacitance value of the capacitor of the previous
index, while a relevant bitb,_;, b, , ..., b, b, in the digital
output B ofthe control module CM is assigned to each capaci-
torC, ;,C,.,, ..., Cy, C,. The top plate of the capacitor C,,
having the highest capacitance value in the array A of capaci-
tors is connected through the closed first on-off switch S, |
to the first rail I with which the top plates of the other
capacitors C,, ,, . . ., C,, C, in the array A of capacitors are
connected through the open first on-off switches S, ,, . . .,
S;1s Sy, while the top plate of the capacitor C,,_; is also
connected through the closed second on-off switch S, | to
the second rail H with which the top plates of the other
capacitors C,, ,, . . . , C;, C, in the array A are connected
through the open second on-off switches S, », ..., Sz, Sz

The bottom plate of the capacitor C,,_; is connected to the
ground of the circuit through the change-over switch S, ;
whose moving contact is connected to its first stationary
contact and the other stationary contact of the change-over
switch S, | is connected to the source of auxiliary voltage
U, and also to the non-inverting input of the first comparator
K1. The bottom plates of the other capacitors C,, ,,...,C,,C,
in the array A are connected to the source of auxiliary voltage
Uy, through the change-over switches S, 5, - - -, Sg1s Sao
whose moving contacts are connected to their other stationary
contacts, and the first stationary contacts of the change-over
switches S5, », . . ., Sg;, S are connected to the ground of
the circuit. On the other hand, the first rail L is connected to
the ground of the circuit through the open first rail on-off
switch S,;; and to the non-inverting input of the second
comparator K2 whose inverting input is connected to the
source of the reference voltage U, while the second rail H is
connected to the inverting input of the first comparator K1.
Moreover, the control inputs of the first on-off switches S, ;,
S;i2s - -+ 3571, Sy and the control inputs of the change-over
switches S, 1, 85,5, - - - » Sg1» S inthe array A are coupled
together and connected to the relevant control outputs [, ;,
1,5 ...,]1, 1, of the set of control outputs E of the control
module CM, while the control inputs of the second on-off
switches S;, 1, Szris -+« 5 Sz Sgyo and the control input of
the first rail on-off switch S, are connected to the relevant
control outputs D,,_; 1,5, ..., D;, Dy and D, of the set of
control outputs E of the control module CM. Furthermore,
one end of the current source I is connected to the voltage
supply U,p, and the other end of the current source I is
connected to the first rail L with which also the other end of
the additional current source J is connected, whereas one end
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of the additional current source J is connected to the second
rail H, and the control input of the current source I is con-
nected to the control output A; of the control module CM
while the control input of the additional current source J is
connected to the control output A , of the control module CM.

[0049] In the another version of this apparatus variant, the
sampling capacitor C,, is connected to the array A of capaci-
tors, while the top plate of the sampling capacitor C,, is con-
nected to the first rail L through the closed first on-off switch
S;,, and also it is connected to the second rail H through the
closed second on-off switch S;,. The bottom plate of the
sampling capacitor C, is connected to the ground of the cir-
cuit through the change-over switch S, whose moving con-
tact is connected to its first stationary contact, and the other
stationary contact of the change-over switch S, is connected
to the source of auxiliary voltage Uy, and the control input of
the first on-off switch S; , and the control input of the change-
over switch S, are coupled together and connected to the
control output I, of the control module CM, whereas the
control input of the second on-off switch S, is connected to
the control output D, of the control module CM. On the other
hand, the top plate of the capacitor C,,_; having the highest
capacitance value in the array A of capacitors is connected to
the first rail L through the open first on-off switch S,,,_; and to
the second rail H through the open second on-off switch
Sz,.1. While the bottom plate of the capacitor C,,_; is con-
nected to the source of auxiliary voltage U, through the
change-over switch S, ; whose moving contact is connected
to its other stationary contact, whereas the first stationary
contact of the change-over switch S, ; is connected to the
ground of the circuit.

[0050] In the another version of this apparatus variant, the
sampling capacitor C,, is connected to the array A of capaci-
tors where the capacitance value of the sampling capacitor C,,
is not smaller than the capacitance value of the capacitor C,, |
having the highest capacitance value in the array A of capaci-
tors, while the sampling capacitor C,, is connected in parallel
to the capacitor C,,_, in the array A of capacitors through the
first rail L. and through the ground of the circuit in a way that
the top plate of the sampling capacitor C,, is connected to the
first rail L through the closed first on-off switch S, , and on
the other hand, the bottom plate of the sampling capacitor C,,
is connected to the ground of the circuit through the change-
over switch S ;, whose moving contact is connected to its first
stationary contact, and the other stationary contact of the
change-over switch S, is connected to the source of auxil-
iary voltage U,. Moreover, the top plate of the sampling
capacitor C,, is connected also to the second rail H through the
closed second on-off switch S,,,,, whereas the control input of
the first on-off switch S;,, and the control input of the change-
over switch S, are coupled together and connected to the
control output I, of the control module CM, and the control
input of the second on-off switch S, is connected to the
control output D,, of the control module CM while the top
plate of the capacitor C,,_; having the highest capacitance
value in the array A of capacitors is connected to the first rail
L through the closed first on-off switch S;,, ; and also to the
second rail H through the open second on-off switch S, |,
whereas the bottom plate of the capacitor C,,_, is connected to
the ground of the circuit through the change-over switch
SG,..1 Whose moving contact is connected to its other station-
ary contact, whereas the first stationary contact of the change-
over switch S, ; is connected to the source of auxiliary
voltage Uy,

Aug. 29,2013

The apparatus according to the invention operates as follows.

Between successive cycles of conversion of time intervals to
digital words having a number of bits equal to n, the control
module CM keeps the apparatus in the state of relaxation
during which the control module CM causes, by means of the
control signals provided on the outputs 1, ;,L, ,,...,1;, I, the
closure of the first on-off switches S;,, 1, S;,,5 - - -5 Sz15 Sz0
and thereby the connection of the top plates of all the capaci-
torsC,_;,C, 5, ..., C,, Cyinthe array A to the first rail L. and
also the switching of the change-over switches S, ;, S5 -
.5 5841, Sgo and thereby the connection of the bottom plates
of the capacitors C,, |, C,, ,, . . ., C,, C, to the ground of the
circuit. On the other hand, by means of the control signal
provided on the output D, the control module CM causes
the closure of the first rail on-off switch S,;; and thereby the
connection of the first rail L to the ground of the circuit
enforcing in this way a complete discharge of the capacitors
C,.1C,as . . ., C,, C, in the array A. Afterwards, the control
module CM causes, by means of the control signal provided
on the output D, _,, the closure of the second on-off switch
Sz,..1 and thereby the connection of the second rail H to the
first rail L and to the ground of the circuit which prevents the
occurrence of a random potential on the second rail H. At the
same time, the control module CM causes, by means of the
control signals provided on the outputs D,, ,, . .., Dy, Dy, the
opening of the second on-off switches S;;, 5, ..., Sz, Sgo-
Moreover, by means of the control signal provided on the
output A,, the control module CM causes the switching off the
current source [ while, by means of the control signal pro-
vided on the output Ag, the control module CM causes the
switching of the current source change-over switch S,, and
thereby the connection of the one end of the current source I
to the voltage supply U, (FIG. 2).

As soon as the control module CM detects the start of the time
interval signaled on the time interval signal input InT of the
apparatus, the control module CM causes, by means of the
control signal provided on the output D, the opening of the
first rail on-off switch S, ,; and thereby the disconnection of
the firstrail L. from the ground of the circuit. Atthe same time,
the control module CM causes, by means of the control sig-
nals provided on the outputs I, ,, . . ., I;, I, the opening of the
first on-off switches S;, 5, . . ., S;;, S, and thereby the
disconnection of the top plates of the capacitors C,, ,, ..., Cy,
C,inthe array A from the first rail L and also the switching of
the change-over switches S, », . . . , Sg;, Sgo and thereby the
connection of the bottom plates of the capacitors C, ,, ..., C,,
C, to the source of auxiliary voltage U,. At the same time, by
means of the control signal provided on the output A,, the
control module CM causes the switching on the current
source I. Atthe same time, the control module CM deactivates
the signal provided on the complete conversion signal output
OutR and assigns the initial value zero to all the bits b,,_;, b,, »,
..., by, b, in the digital word. At the same time, the control
module CM assigns the function of the charge collecting
capacitor C_ to the capacitor C,,_; having the highest capaci-
tance value in the array A where the index of the charge
collecting capacitor C, is defined by the content of the desti-
nation capacitor C, index register in the control module CM
by writing the value of the index of the capacitor C,,_; to the
destination capacitor C, index register (FIG. 3). The electric
charge delivered by the use of the current source I is accumu-
lated at first in the capacitor C,,_; in the array A which is the
only capacitor connected at that time to the other end of the
current source [ through the first rail L. and through the closed
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first on-off switch S, ;. Accumulation of charge in the
capacitor C_ causes a progressive increase of the voltage U,
on that capacitor. The voltage U is compared to the reference
voltage U, of a fixed value by the second comparator K2.
When the voltage U, on the capacitor C,, in which the charge
is accumulated, reaches the reference voltage U, value during
the converted time interval, the control module CM assigns
the value one to the bit b, of the digital word on the output B
of'the apparatus on the basis of the output signal of the second
comparator K2. At the same time, the control module CM
causes, by means of the control signal provided on the output
1, the opening of the first on-off switch S, and thereby the
disconnection of the top plate of the charged capacitor C,
from the first rail L, and also the concurrent switching of the
change-over switch S, and thereby the connection of the
bottom plate of the capacitor C, to the source of auxiliary
voltage U,,. Next, by reduction of the content of the destina-
tion capacitor C, index register by one, the control module
CM assigns the function of the charge collecting capacitor C,.
to the subsequent capacitor in the array A having the capaci-
tance value twice as lower as the capacitance value of the
capacitor which acted as the charge collecting capacitor
directly before. Afterwards, the control module CM causes,
by means of the control signal provided on the output [, the
closure of the first on-off switch S, and thereby the connec-
tion of the top plate of the capacitor C, through the first rail L
to the other end of the current source I, and also the concurrent
switching of the change-over switch S, and thereby the
connection of the bottom plate of the capacitor C, to the
ground of the circuit. The electric charge delivered by the use
of the current source I is then accumulated in the subsequent
capacitor C, which is the only capacitor connected at that time
to the other end of the current source I through the first rail L
and through the closed first on-oft switch S, . (FIG. 4). Each
time the voltage U, increasing on the capacitor C, reaches the
reference voltage U, value during the converted time interval,
which is signaled to the control module CM by the second
comparator K2, the cycle is repeated again with the subse-
quent capacitor in the array A having the capacitance value
twice as lower as the capacitance value of the capacitor which
acted as the charge collecting capacitor directly before.

When the control module CM detects the end of converted
time interval signaled on the time interval signal input InT of
the apparatus during the accumulation of charge in the capaci-
tor C_, the control module CM causes, by means of the control
signal provided on the output I, the opening of the first on-off
switch S, and thereby the disconnection of the top plate of
the capacitor C, from the first rail [, and also the concurrent
switching of the change-over switch S, and thereby the
connection of the bottom plate of the capacitor C, to the
source of auxiliary voltage U,,. Atthe same time, the control
module CM causes, by means of the control signal provided
on the output D, ,, the opening of the second on-off switch
Si..1 and thereby the disconnection of the top plate of the
capacitor C,,_; from the second rail H. At the same time, the
control module CM causes, by means of the control signal
provided on the output A ;, the switching of the current source
change-over switch S;, and thereby the connection of the one
end of the current source I to the second rail H. Next, by
writing the content of the destination capacitor C, index reg-
ister to the source capacitor C, index register in the control
module CM, the control module CM assigns the function of
the source capacitor C,, whose index is defined by the content
of the source capacitor C, index register, to the capacitor C,
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which accumulated charge as the last capacitor. At the same
time, the control module CM causes, by means of the control
signal provided on the output D,, the closure of the second
on-off switch S, and thereby the connection of the top plate
of'the source capacitor C, to the second rail H. Afterwards, by
reduction of the content of the destination capacitor C, index
register by one, the control module CM assigns the function
of'the destination capacitor C,, whose index is defined by the
content of the destination capacitor C, index register in the
control module CM, to the subsequent capacitor in the array
A, whose capacitance value is twice as lower as the capaci-
tance value of the source capacitor C,. Then, the control
module CM causes, by means of the control signal provided
on the output I, the closure of the first on-off switch S;, and
thereby the connection of the top plate of the destination
capacitor C, to the first rail L, and also the concurrent switch-
ing of the change-over switch S, and thereby the connection
of the bottom plate of the destination capacitor C, to the
ground of the circuit. The charge accumulated in the source
capacitor C, is transferred by the use of the current source |
through the second rail H and through the first rail L. to the
destination capacitor C, (FIG. 5) while the voltage U, on the
source capacitor C, progressively decreases, whereas at the
same time the voltage U, on the destination capacitor C,
progressively increases during the charge transfer.

In case when the voltage U, on the current destination capaci-
tor C, reaches the reference voltage U; value during the
charge transfer, the control module CM on the basis of the
output signal of the second comparator K2 assigns the value
one to the relevant bit b, in the digital word, and the control
module CM causes, by means of the control signal provided
on the output I, the opening of the first on-off switch S, and
thereby the disconnection of the top plate of the destination
capacitor C, from the first rail L, and also the concurrent
switching of the change-over switch S, and thereby the
connection of the bottom plate of the destination capacitor C,
to the source of auxiliary voltage U,,. Afterwards, by reduc-
tion of the content of the destination capacitor C, index reg-
ister by one, the control module CM assigns the function of
the destination capacitor C, to the subsequent capacitor in the
array A, whose capacitance value is twice as lower as the
capacitance value of the capacitor which acted as the desti-
nation capacitor directly before. After that, the control mod-
ule CM causes, by means of the control signal provided on the
output I, the closure of the first on-off switch S, and thereby
the connection of the top plate of a new destination capacitor
C, to the first rail L, and also the concurrent switching of the
change-over switch S , and thereby the connection of the
bottom plate of the destination capacitor C, to the ground of
the circuit.

In case when the voltage U, on the source capacitor C, reaches
the value zero during the charge transfer, the control module
CM, on the basis of the output signal of the first comparator
K1 causes, by means of the control signal provided on the
output D,, the opening of the second on-off switch S, and
thereby the disconnection of the top plate of the source
capacitor C, from the second rail H. At the same time, the
control module CM causes, by means of the control signal
provided on the output I, the opening of the first on-off
switch S;, and thereby the disconnection of the top plate of
the destination capacitor C, from the first rail L, and also the
concurrent switching of the change-over switch S, and
thereby the connection of the bottom plate of the destination
capacitor C, to the source of auxiliary voltage U, Next, the
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control module CM, on the basis of the output signal of the
first comparator K1 by writing the current content of the
destination capacitor C, index register to the source capacitor
C, index register, assigns the function of the source capacitor
C, to the capacitor that until now has acted as the destination
capacitor C,, and after that, the control module CM causes, by
means of the control signal provided on the output D,, the
closure of the second on-off switch S,;; and thereby the con-
nection of the top plate of a new source capacitor C, to the
second rail H. Afterwards, by reduction of the content of the
destination capacitor C, index register by one, the control
module CM assigns the function of the destination capacitor
C,, whose index is defined by the content of the destination
capacitor C, index register in the control module CM, to the
subsequent capacitor in the array A, whose capacitance value
is twice as lower as the capacitance value of the capacitor
which acted as the destination capacitor directly before. After
that, the control module CM causes, by means of the control
signal provided on the output [, the closure of the first on-off
switch S, and thereby the connection of the top plate of the
destination capacitor C, to the first rail L, and also the con-
current switching of the change-over switch S, and thereby
the connection of the bottom plate of the new destination
capacitor C, to the ground of the circuit. In both cases the
control module CM continues to control the process of charge
transfer on the basis of the output signals of both comparators
K1 and 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 A, whose capacitance value is twice as
lower as the capacitance value of the capacitor which acted as
the destination capacitor directly before. On the other hand,
each occurrence of the active state on the output of the first
comparator K1 causes the assignment of the function of the
source capacitor C, to the capacitor that until now has acted as
the destination capacitor C,, and at the same time the assign-
ment of the function of the destination capacitor C, to the
subsequent capacitor in the array A whose capacitance value
is twice as lower as the capacitance value of the capacitor
which acted as the destination capacitor directly before.

The process of charge redistribution is terminated when the
capacitor C, having the lowest capacitance value in the array
A stops to act as the destination capacitor C,. Such situation
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 C,. When the active
state appears on the output of the second comparator K2, the
control module CM assigns the value one to the bit b,

After termination of redistribution of charge accumulated in
the capacitor C_ which is the last capacitor accumulating the
charge delivered by the use of the current source I during the
converted time interval and after assigning the corresponding
values to the bits b, ;, b, ,, .. ., b, b, in the output digital
word, the control module CM activates the signal provided on
the complete conversion signal output OutR and causes intro-
duction of the apparatus into the relaxation phase by switch-
ing off the current source I, the switching of the current source
change-over switch S;, and thereby the connection of the one
end of the current source I to the voltage supply U, also the
closure of the first on-off switches S, ;, S;,, 5. - - -, 871, S;0
and thereby the connection of the top plates of all the capaci-
torsC,_;,C,, 5, ...,Cy,Cyinthe array A to the first rail L, and
also the concurrent switching of the change-over switches

SGn1s S5 - - s Sa1s Sgo t0 positions connecting the bottom
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plates of the capacitors C,,_;,C,, », . . ., C;, C, to the ground of
the circuit. At the same time, the control module causes the
closure of the first rail on-off switch S, and thereby the
connection of the first rail L. to the ground of the circuit,
enforcing a complete discharge of the capacitors C,,_,C,, ,, .
.., C,, Cyinthe array A, and also the opening of the second
on-off switches S, », ..., Sy, Sy inthearray A, the closure
of'the second on-off switch S, ; and thereby the connection
of'the second rail H to the first rail L and to the ground of the
circuit (FIG. 2), which prevents the occurrence of a random
potential on the first rail H.

[0051] The operation of the another version of this appara-
tus variant consists in that during the time in which the appa-
ratus is kept in the state of relaxation, the control module CM
causes the connection of' the top plate of the sampling capaci-
tor C,, and the connection of the top plates of the capacitors
Cn, ;,C, 5, ...,C;,Cyinthe array A to the first rail L, and the
connection of the bottom plate of the sampling capacitor C,
and the connection of the bottom plates of the capacitors C,, ;,
C,s --.,Cy, C,to the ground of the circuit through the
closure of the relevant on-off switches and the switching of
the relevant change-over switches (FIG. 6) enforcing in this
way a complete discharge of the sampling capacitor C,, and of
the capacitors C,_;, C, . . ., C,;, C,. As soon as the control
module CM detects the start of the converted time interval
signaled on the time interval signal input InT of the apparatus,
the control module CM causes, by means of the control signal
provided on the output D, the opening of the first rail on-off
switch S,;; and thereby the disconnection of the first rail L.
from the ground of the circuit. At the same time, the control
module CM causes, by means of the control signals provided
ontheoutputsl, I ,,...,1;,],, the opening of the first on-off
switches S;,, |, S;,,05 - - -5 S;1, S; and thereby the discon-
nection of the top plates of the capacitors C,,_,,C, ,, ..., Cy,
C, inthe array A from the first rail L and also the switching of
the change-over switches S, 15 Sguns - - - 5 Sa1s Sgo and
thereby the connection of the bottom plates of the capacitors
C,1:C,a,...,C,, C,to the source of auxiliary voltage Uy,.
At the same time, by means of the control signal provided on
the output A, the control module CM causes the switching on
the current source I (FIG. 7). At the same time, the control
module CM deactivates the signal provided on the complete
conversion signal output OutR and assigns the initial value
zerotoallthebitsb, ;,b, ,,...,b;, b, inthe digital word. The
electric charge delivered by the use of the current source I is
accumulated in the sampling capacitor C,, which is the only
capacitor connected during the converted time interval to the
other end of the current source I through the first rail L. and
through the closed first on-off switch S;,. When the control
module CM detects the end of the converted time interval
signaled on the time interval signal input InT of the apparatus,
the control module CM causes, by means of the control signal
provided on the output I, the opening of the first on-off
switch S;,, and thereby the disconnection of the top plate of
the sampling capacitor C,, from the first rail L., and also the
concurrent switching of the change-over switch S, and
thereby the connection of the bottom plate of the sampling
capacitor C,, to the source of auxiliary voltage U,,. At the
same time, the control module CM causes, by means of the
control signal provided on the output D,,_;, the opening of the
second on-off switch S, | and thereby the disconnection of
the top plate of the capacitor C,_; in the array A from the
second rail H (FIG. 8). At the same time, the control module
CM causes, by means of the control signal provided on the
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output Ag, the switching of the current source change-over
switch S; and thereby the connection of the one end of the
current source I to the second rail H. Next, the control module
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 C,, to the source capacitor C, index regis-
ter in the control module CM. Next, the control module CM
causes, by means of the control signal provided on the output
D,, the closure of the second on-off switch S, and thereby the
connection of the top plate of the source capacitor C, to the
second rail H. At the same time, the control module CM
assigns the function of the destination capacitor C, to the
capacitor C,,_; having the highest capacitance value in the
array A by writing the value of the index of the capacitor C,,_,
to the destination capacitor C, index register in the control
module CM. Then, the control module CM causes, by means
of the control signal provided on the output I, the closure of
the first on-off switch S;, and thereby the connection of the
top plate of the destination capacitor C, to the first rail L., and
also the concurrent switching of the change-over switch S,
and thereby the connection of the bottom plate of the desti-
nation capacitor C, to the ground of the circuit. Next, the
control module CM starts to control the process of redistri-
bution of accumulated charge. This process is terminated
when the capacitor C, having the lowest capacitance value in
the array A stops to act as the destination capacitor C,. After
that, the control module CM activates the signal provided on
the complete conversion signal output OutR, and causes
introducing the apparatus into the relaxation phase again.

[0052] The operation of the another version of this appara-
tus variant consists in that during the time in which the appa-
ratus is kept in the state of relaxation, the control module CM
causes the connection of the top plate of the sampling capaci-
tor C,, and the top plates of the capacitors C,,_;,C,, 5, ..., Cy,
C, in the array A to the first rail L, and the connection of the
bottom plate of the sampling capacitor C,, and the bottom
plates of the capacitors C,,_,,C,, 5, ..., C,, Cyto the ground of
the circuit through the closure of the relevant on-off switches
and the switching of the relevant change-over switches (FIG.
6) enforcing in this way a complete discharge of the sampling
capacitor C,, and of the capacitors C,_,,C, 5, ...,C,, C,.

As soon as the control module CM detects the start of the
converted time interval signaled on the time interval signal
input InT of the apparatus, the control module CM causes, by
means of the control signal provided on the output D, the
opening of the first rail on-off switch S, and thereby the
disconnection of the first rail L from the ground of the circuit.
Atthe same time, the control module CM causes, by means of
the control signals provided onthe outputs I, ,, ..., 1, 1, the
opening of the first on-off switches S;,, ,, ..., S;, S;, and
thereby the disconnection of the top plates of the capacitors
C,.5s...,Cy,Cyinthe array A from the firstrail L. and also the
switching of the change-over switches S, . . . ., S5y, S0
and thereby the connection of the bottom plates of the capaci-
tors Cn,, 5, - . . , C;, C, to the source of auxiliary voltage Uy,.
At the same time, by means of the control signal provided on
the output A, the control module CM causes the switching on
the current source I (FIG. 9). At the same time, the control
module CM deactivates the signal provided on the complete
conversion signal output OutR and assigns the initial value
zeroto all thebitsb,, |, b,, 5, . .., by, byinthe digital word. The
electric charge delivered by the use of the current source I is
accumulated in the capacitor C,,_, having the highest capaci-
tance in the array A of capacitors and at the same time in the
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sampling capacitor C,, connected in parallel to the capacitor
C,,., in the array A of capacitors. The sampling capacitor C,,
and the capacitor C,,_; in the array A are the only capacitors
that are connected during the converted time interval to the
other end of the current source I through the first rail L. and
through the closed first on-off switches S;,, and S, |.

‘When the control module CM detects the end of the converted
time interval signaled on the time interval signal input InT of
the apparatus, the control module CM causes, by means of the
control signal provided on the output I, the opening of the
first on-off switch S;,, and thereby the disconnection of the
top plate of the sampling capacitor C,, from the first rail L, and
also the concurrent switching of the change-over switch S,
and thereby the connection of the bottom plate of the sam-
pling capacitor C,, to the source of auxiliary voltage U,,. At
the same time, the control module CM causes, by means of
the control signal provided on the output D, ;, the opening of
the second on-off switch S,,,,_; and thereby the disconnection
of the top plate of the capacitor C, ; in the array A from the
second rail H (FIG. 8). At the same time, the control module
CM causes, by means of the control signal provided on the
output Ag, the switching of the change-over switch S; and
thereby the connection of the one end of the current source I
to the second rail H. Next, the control module 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
C,, to the source capacitor C; index register in the control
module CM. Next, the control module CM causes, by means
of'the control signal provided on the output D,, the closure of
the second on-off switch S,,; and thereby the connection of the
top plate of the source capacitor C, to the second rail H. At the
same time, the control module CM assigns the function of the
destination capacitor C, to the capacitor C,,_; having the high-
est capacitance value in the array A by writing the value ofthe
index of the capacitor C,,_; to the destination capacitor C,
index register in the control module CM. Next, the control
module CM starts to control the process of redistribution of
accumulated charge. This process is terminated when the
capacitor C, having the lowest capacitance value in the array
A stops to act as the destination capacitor C,. After that, the
control module CM activates the signal provided on the com-
plete conversion signal output OutR, and causes introducing
the apparatus into the relaxation phase again.

[0053] Theoperation ofthe another variant of the apparatus
consists in that between successive cycles of conversion of
time intervals to digital words having a number of bits equal
to n, the control module CM keeps the apparatus in the state
of relaxation during which the control module CM causes, by
means of the control signals provided on the outputs I, ;, L, ,,
..., 1}, Iy, the closure of the first on-off switches S;,, |, S;,,5,
.. -»S8;1, S, and thereby the connection of the top plates of all
the capacitors C,,_;,C,,», . . ., C;, C, in the array A to the first
rail L and also the switching of the change-over switches
SGnis SGuns - - - 5 Sa1s Sgo and thereby the connection of the
bottom plates of the capacitors C,, ;,C,,,, ..., C,, C, to the
ground of the circuit. On the other hand, by means of the
control signal provided on the output D ;,, the control module
CM causes the closure of the first rail on-off switch S, and
thereby the connection of the first rail L. to the ground of the
circuit enforcing in this way a complete discharge of the
capacitors C,,_;, C,,», . . ., C;, C, in the array A. Afterwards,
the control module CM causes, by means of the control signal
provided on the output D,,_, the closure of the second on-off
switch S, ,, and thereby the connection of the second rail H
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to the first rail L and to the ground of the circuit which
prevents the occurrence of a random potential on the second
rail H. At the same time, the control module CM causes, by
means of the control signals provided on the outputs D, ,, . .
., Dy, Dy, the opening of the second on-off switches S, », .
- s Szs Spo- Moreover, by means of the control signal
provided on the output A, the control module CM causes the
switching off the current source I, while by means of the
control signal provided on the output A, the control module
CM causes the switching off the current source J (FIG. 11).

As soon as the control module CM detects the start of the time
interval signaled on the time interval signal input InT of the
apparatus, the control module CM causes, by means of the
control signal provided on the output D, the opening of the
first rail on-off switch S, ,; and thereby the disconnection of
the first rail L. from the ground of the circuit. Atthe sametime,
the control module CM causes, by means of the control sig-
nals provided onthe outputs I _,, ..., I, ], the opening of the
first on-off switches S;, 5, . . ., S;;, S;o and thereby the
disconnection of the top plates of the capacitors C, 5, ...,C|,
C, inthe array A from the first rail [ and also the switching of
the change-over switches S, 5, . - . ; S5, S and thereby the
connection of the bottom plates of the capacitors C,, 5, ..., C,
C, to the source of auxiliary voltage U,. Atthe same time, by
means of the control signal provided on the output A,, the
control module CM causes the switching on the current
source 1. Atthe same time, the control module CM deactivates
the signal provided on the complete conversion signal output
OutR and assigns the initial value zero to allthe bits b,, |, b,, ,,
..., by, b, in the digital word. At the same time, the control
module CM assigns the function of the charge collecting
capacitor C_ to the capacitor C,_; having the highest capaci-
tance value in the array A where the index of the charge
collecting capacitor C, is defined by the content of the desti-
nation capacitor C, index register in the control module CM
by writing the value of the index of the capacitor C, _, to the
destination capacitor C, index register (FIG. 12). The electric
charge delivered by the use of the current source [ is accumu-
lated at first in the capacitor C,,_; in the array A which is the
only capacitor connected at that time to the other end of the
current source [ through the first rail L. and through the closed
first on-off switch S, ;. Accumulation of charge in the
capacitor C, causes a progressive increase of the voltage U,
on that capacitor. The voltage U, is compared to the reference
voltage U, of a fixed value by the second comparator K2.
When the voltage U, on the capacitor C_, in which the charge
is accumulated, reaches the reference voltage U, value during
the converted time interval, the control module CM assigns
the value one to the bit b, of the digital word on the output B
of'the apparatus on the basis of the output signal of the second
comparator K2. At the same time, the control module CM
causes, by means of the control signal provided on the output
1, the opening of the first on-off switch S, and thereby the
disconnection of the top plate of the charged capacitor C,
from the first rail L, and also the concurrent switching of the
change-over switch S, and thereby the connection of the
bottom plate of the capacitor C, to the source of auxiliary
voltage U,,. Next, by reduction of the content of the destina-
tion capacitor C, index register by one, the control module
CM assigns the function of the charge collecting capacitor C .
to the subsequent capacitor in the array A having the capaci-
tance value twice as lower as the capacitance value of the
capacitor which acted as the charge collecting capacitor
directly before. Afterwards, the control module CM causes,
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by means of the control signal provided on the output L, the
closure of the first on-off switch S, and thereby the connec-
tion of the top plate of the capacitor C, through the first rail L
to the other end of the current source I and also the concurrent
switching of the change-over switch S;, and thereby the
connection of the bottom plate of the capacitor C, to the
ground of the circuit. The electric charge delivered by the use
of the current source I is then accumulated in the subsequent
capacitor C_which s the only capacitor connected at that time
to the other end of the current source I through the first rail L
and through the closed first on-off switch S, _ (FIG. 13). Each
time the voltage U, increasing on the capacitor C, reaches the
reference voltage U, value during the converted time interval,
which is signaled to the control module CM by the second
comparator K2, the cycle is repeated again with the subse-
quent capacitor in the array A having the capacitance value
twice as lower as the capacitance value of the capacitor which
acted as the charge collecting capacitor directly before.

‘When the control module CM detects the end of the converted
time interval signaled on the time interval signal input InT of
the apparatus, the control module CM causes, by means of the
control signal provided on the output A, the switching off the
current source 1. At the same time, the control module CM
causes, by means of the control signal provided on the output
1, the opening of the first on-off switch S, and thereby the
disconnection of the top plate of the capacitor C, from the first
rail L, and also the concurrent switching of the change-over
switch S, and thereby the connection of the bottom plate of
the capacitor C, to the source of auxiliary voltage U,. Atthe
same time, the control module CM causes, by means of the
control signal provided on the output D,,_;, the opening of the
second on-off switch S;,,, ; and thereby the disconnection of
the top plate of the capacitor C,_; from the second rail H.
Next, by writing the content of the destination capacitor C,
index register to the source capacitor C, index register in the
control module CM, the control module CM assigns the func-
tion of the source capacitor C,, whose index is defined by the
content of the source capacitor C, index register, to the capaci-
tor C, which accumulated charge as the last capacitor. At the
same time, the control module CM causes, by means of the
control signal provided on the output D,, the closure of the
second on-off switch S, and thereby the connection of the
top plate of the source capacitor C; to the second rail H.
Afterwards, by reduction of the content of the destination
capacitor C, index register by one, the control module CM
assigns the function of the destination capacitor C,, whose
index is defined by the content of the destination capacitor C,
index register in the control module CM, to the subsequent
capacitor in the array A, whose capacitance value is twice as
lower as the capacitance value of the source capacitor C,.
Then, the control module CM causes, by means of the control
signal provided on the output [, the closure of the first on-off
switch S;, and thereby the connection of the top plate of the
destination capacitor C,, to the first rail L, and also the con-
current switching of the change-over switch S, and thereby
the connection of the bottom plate of the destination capacitor
C, to the ground of the circuit. Next, the control module CM
causes, by means of the control signal provided on the output
A, the switching on the additional current source J. The
charge accumulated in the source capacitor C, is transferred
by the use of the additional current source J through the
second rail H and through the first rail L to the destination
capacitor C, (FIG. 14) while the voltage U, on the source
capacitor C, progressively decreases whereas at the same time



US 2013/0222170 Al

the voltage U, on the destination capacitor C, progressively
increases during the charge transfer.

In case when the voltage U, on the current destination capaci-
tor C, reaches the reference voltage U, value during the
charge transfer, the control module CM on the basis of the
output signal of the second comparator K2 assigns the value
one to the relevant bit b, in the digital word, and the control
module CM causes, by means of the control signal provided
on the output I, the opening of the first on-off switch S;, and
thereby the disconnection of the top plate of the destination
capacitor C, from the first rail L, and also the concurrent
switching of the change-over switch S, and thereby the
connection of the bottom plate of the destination capacitor C,,
to the source of auxiliary voltage U,,. Afterwards, by reduc-
tion of the content of the destination capacitor C, index reg-
ister by one, the control module CM assigns the function of
the destination capacitor C, to the subsequent capacitor in the
array A, whose capacitance value is twice as lower as the
capacitance value of the capacitor which acted as the desti-
nation capacitor directly before. After that, the control mod-
ule CM causes, by means of the control signal provided on the
output I, the closure of the first on-off switch S; , and thereby
the connection of the top plate of a new destination capacitor
C, to the first rail L, and also the concurrent switching of the
change-over switch S, and thereby the connection of the
bottom plate of the destination capacitor C, to the ground of
the circuit.

In case when the voltage U, on the source capacitor C, reaches
the value zero during the charge transfer, the control module
CM on the basis of the output signal of the first comparator K1
causes, by means of the control signal provided on the output
D,, the opening of the second on-off switch S, and thereby
the disconnection of the top plate of the source capacitor C,
from the second rail H. At the same time, the control module
CM causes, by means of the control signal provided on the
output I, the opening of the first on-off switch S;, and
thereby the disconnection of the top plate of the destination
capacitor C, from the first rail L, and also the concurrent
switching of the change-over switch S, and thereby the
connection of the bottom plate of the destination capacitor C,,
to the source of auxiliary voltage Uy, Next, the control mod-
ule CM on the basis of the output signal of the first comparator
K1 by writing the current content of the destination capacitor
C, index register to the source capacitor C, index register,
assigns the function of the source capacitor C, to the capacitor
that until now has acted as the destination capacitor C,, and
after that, the control module CM causes, by means of the
control signal provided on the output D,, the closure of the
second on-off switch S, and thereby the connection of the
top plate of a new source capacitor C, to the second rail H.
Afterwards, by reduction of the content of the destination
capacitor C,, index register by one, the control module CM
assigns the function of the destination capacitor C,, whose
index is defined by the content of the destination capacitor C,,
index register in the control module CM, to the subsequent
capacitor in the array A whose capacitance value is twice as
lower as the capacitance value of the source capacitor C,.
After that, the control module CM causes, by means of the
control signal provided on the output I, the closure of the first
on-off switch S;, and thereby the connection of the top plate
of'anew destination capacitor C, to the firstrail L, and also the
concurrent switching of the change-over switch S, and
thereby the connection of the bottom plate of the new desti-
nation capacitor C, to the ground of the circuit.
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In both cases the control module CM continues the process of
charge redistribution on the basis of the output signals of both
comparators K1 and K2. Each occurrence of the active state
on the output of the second comparator K2 causes the assign-
ment of the function of the destination capacitor C,, to the
subsequent capacitor in the array A whose capacitance value
is twice as lower as the capacitance value of the capacitor
which acted as the destination capacitor directly before. On
the other hand, each occurrence of the active state on the
output of the first comparator K1 causes the assignment of the
function of the source capacitor C, to the capacitor that until
now has acted as the destination capacitor C,, and at the same
time the assignment of the function of the destination capaci-
tor C, to the subsequent capacitor in the array A whose
capacitance value is twice as lower as the capacitance value of
the capacitor which acted as the destination capacitor directly
before.

The process of charge redistribution is terminated when the
capacitor C, having the lowest capacitance value in the array
A stops to act as the destination capacitor C,. Such situation
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 C,. When the active
state appears on the output of the second comparator K2, the
control module CM assigns the value one to the bit b,,.

After termination of redistribution of charge accumulated in
the capacitor C, which is the last capacitor accumulating the
charge delivered by the use of the current source I during the
converted time interval, and after assigning the corresponding
values to the bits b,,_;, b, 5, . . ., b}, by in the output digital
word, the control module CM activates the signal provided on
the complete conversion signal output OutR and causes intro-
duction of the apparatus into the relaxation phase by switch-
ing off the additional current source I, also the closure of the
first on-oft switches S;,, |, S;,,.5, - - -, Sz 15 S; o and thereby the
connection of the top plates of all the capacitors C,_;, C, ,, .
.., Cy, C, in the array A to the first rail [, and also the
concurrent switching of the change-over switches S, |, S,
2, ..., S, Sio to positions connecting the bottom plates of
all the capacitors C,,_;, C,, 5, . . ., C;, C, to the ground of the
circuit. At the same time, the control module causes the clo-
sure of the first rail on-oft switch S, and thereby the con-
nection of the first rail L to the ground of the circuit, enforcing
a complete discharge of the capacitors C,, |, C, ,,...,C;,C,
in the array A and also the opening of the second on-off
switches S, 5, - - -, Sgy, Sy inthe array A, the closure of the
second on-off switch S, | and thereby the connection of the
second rail H to the first rail [ and to the ground of the circuit
(FIG. 11), which prevents the occurrence of a random poten-
tial on the second rail H.

[0054] The operation of the another version of this appara-
tus variant consists in that during the time in which the appa-
ratus is kept in the state of relaxation, the control module CM
causes the connection of' the top plate of the sampling capaci-
tor C,, and the connection of the top plates of the capacitors
C,.1:C, 0 ...,C,,Cgyinthe array A to the first rail L, and the
connection of the bottom plate of the sampling capacitor C,,
and the connection of the bottom plates of the capacitors C, ;,
C,z ..., C,, C,to the ground of the circuit through the
closure of the relevant on-off switches (FIG. 15) and the
switching of the relevant change-over switches enforcing in
this way a complete discharge of the sampling capacitor C,,
and of the capacitors C,,_;,C,,», . . ., C,, C,. At the same time,
the control module CM causes, by means of the control signal
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provided on the output D,, the closure of the second on-off
switch S, and thereby the connection of the second rail H to
the first rail L and to the ground of the circuit which prevents
the occurrence of a random potential on the second rail H. At
the same time, the control module CM causes, by means of
the control signals providedontheoutputs D, |, D, ,,..., Dy,
D,, the opening of the second on-off switches S;;, |, Sz,.5, -
- s Sz, Sz and thereby the disconnection of the top plates of
the capacitors C,, |, C, ,, . . ., C;, C, in the array A from the
second rail H.

As soon as the control module CM detects the start of the
converted time interval signaled on the time interval signal
input InT of the apparatus, the control module CM causes, by
means of the control signal provided on the output D, the
opening of the first rail on-off switch S,;, and thereby the
disconnection of the first rail L from the ground of the circuit.
Atthe same time, the control module CM causes, by means of
the control signals provided on the outputs 1, ;, L, 5, ...,1;, 1,
the opening of the first on-off switches S;,, |, S;, 5. - -, 574,
S;o and thereby the disconnection of the top plates of the
capacitors C,_;,C, ,, ..., C,, C,in the array A from the first
rail L and also the switching of the change-over switches
SGnis SGuas - - -5 Sa1s Sgo and thereby the connection of the
bottom plates of the capacitors C, ,C, ,, ..., C,, C, to the
source of auxiliary voltage U,,. At the same time, by means of
the control signal provided on the output A;, the control
module CM causes the switching on the current source I (FIG.
16). Atthe same time, the control module CM deactivates the
signal provided on the complete conversion signal output
OutR and assigns the initial value zero to allthe bits b,, |, b,, ,,
..., by, byinthe digital word. The electric charge delivered by
the use of the current source I is accumulated in the sampling
capacitor C,, which is the only capacitor connected during the
converted time interval to the other end of the current source
1 through the first rail L. and through the closed first on-off
switch S,

‘When the control module CM detects the end of the converted
time interval signaled on the time interval signal input InT of
the apparatus, the control module CM causes, by means of the
control signal provided on the output A,, switching off the
current source 1. At the same time, the control module CM
causes by means of the control signal provided on the output
1,,, the opening of the first on-off switch S;, and thereby the
disconnection of the top plate of the sampling capacitor C,
from the first rail L, and also the concurrent switching of the
change-over switch S, and thereby the connection of the
bottom plate of the sampling capacitor C,, to the source of
auxiliary voltage U, (FIG. 17). Next, the control module 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 C,, to the source capacitor C, index register in the
control module CM. At the same time, the control module CM
assigns the function of the destination capacitor C, to the
capacitor C,,_, having the highest capacitance value in the
array A by writing the value of the index of the capacitor C,,_,
to the destination capacitor C, index register in the control
module CM. Then, the control module CM causes, by means
of the control signal provided on the output I, the closure of
the first on-off switch S;, and thereby the connection of the
top plate of the destination capacitor C, to the first rail L, and
also the concurrent switching of the change-over switch S,
and thereby the connection of the bottom plate of the desti-
nation capacitor C, to the ground of the circuit. Next, the
control module CM causes, by means of the control signal
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provided on the output A ,, the switching on the additional
current source J, and the control module CM starts to control
the process of redistribution of accumulated charge. This
process is terminated when the capacitor C, having the lowest
capacitance value in the array A stops to act as the destination
capacitor C,. After that, the control module CM activates the
signal provided on the complete conversion signal output
OutR and causes introducing the apparatus into relaxation
phase again.

[0055] The operation of the another version of this appara-
tus variant consists in that during the time in which the appa-
ratus is kept in the state of relaxation, the control module CM
causes the connection of' the top plate of the sampling capaci-
tor C,, and the connection of the top plates of the capacitors
C,.1:C, 0 ...,C,,Cgyinthe array A to the first rail L, and the
connection of the bottom plate of the sampling capacitor C,,
and the connection of the bottom plates of the capacitors C, ;,
C,z ..., C,, C,to the ground of the circuit through the
closure of the relevant on-off switches and the switching of
the relevant change-over switches (FIG. 15) enforcing in this
way a complete discharge of the sampling capacitor C,, and of
the capacitors C,,_;, C,,», . . ., C;, C,. At the same time, the
control module CM causes, by means of the control signal
provided on the output D,, the closure of the second on-off
switch S, and thereby the connection of the second rail H to
the first rail L and to the ground of the circuit which prevents
the occurrence of a random potential on the second rail H. At
the same time, the control module CM causes, by means of
the control signals provided onthe outputs D,, |, D,, 5, ..., Dy,
D,, the opening of the second on-off switches S, |, Sz,.5, -
- 5341, S and thereby the disconnection of the top plates of
the capacitors C,,_;, C,,», . . . , C;, C, in the array A from the
second rail H.

As soon as the control module CM detects the start of the
converted time interval signaled on the time interval signal
input InT of the apparatus, the control module CM causes, by
means of the control signal provided on the output D _,,, the
opening of the first rail on-off switch S,;; and thereby the
disconnection of the first rail L. from the ground of the circuit.
At the same time, the control module CM causes, by means of
the control signals provided onthe outputs I,, |, L, ,...,1;, L,
the opening of the first on-off switches S;,, 1, S;,,0, - - - 5 S7 4,
S;, and thereby the disconnection of the top plates of the
capacitors C, |, C,,,, ..., C,, Cyin the array A from the first
rail L and also the switching of the change-over switches
SGi1s Sauas - - s Sa1s S and thereby the connection of the
bottom plates of the capacitors C,, ;,C,,,, ..., C,, C, to the
source of auxiliary voltage Uy,. At the same time, by means of
the control signal provided on the output A, the control
module CM causes the switching on the current source I (FIG.
18). At the same time, the control module CM deactivates the
signal provided on the complete conversion signal output
OutR and assigns the initial value zero to all the bits b,_|, b, _,
..., b, byinthe digital word. The electric charge delivered by
the use of the current source [ is accumulated in the capacitor
C,,.; having the highest capacitance in the array A of capaci-
tors and at the same time in the sampling capacitor C,, con-
nected in parallel to the capacitor C, ; in the array A of
capacitors. The sampling capacitor C,, and the capacitor C,,_,
in the array A are the only capacitors that are connected
during the converted time interval to the other end of the
current source [ through the first rail L. and through the closed
first on-off switches S;, and S;,, ;. When the control module
CM detects the end of the converted time interval signaled on



US 2013/0222170 Al

the time interval signal input InT of the apparatus, the control
module CM causes, by means of the control signal provided
on the output A, the switching oft the current source 1. At the
same time, the control module CM causes, by means of the
control signal provided on the output L, the opening of the
first on-off switch S, and thereby the disconnection of the
top plate of the sampling capacitor C,, from the first rail L, and
also the concurrent switching of the change-over switch S,
and thereby the connection of the bottom plate of the sam-
pling capacitor C,, to the source of auxiliary voltage U, (FIG.
17). Next, the control module 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 C, to the
source capacitor C, index register in the control module CM.
At the same time, the control module CM assigns the function
of'the destination capacitor C, to the capacitor C,,_; having the
highest capacitance value in the array A by writing the value
of the index of the capacitor C,,_, to the destination capacitor
C, index register in the control module CM. Next, the control
module CM causes, by means of the control signal provided
on the output A, the switching on the additional current
source J, and the control module CM starts to control the
process of redistribution of accumulated charge. This process
is terminated when the capacitor C, having the lowest capaci-
tance value in the array A stops to act as the destination
capacitor C,. After that, the control module CM activates the
signal provided on the complete conversion signal output
OutR, and causes introducing the apparatus into the relax-
ation phase again.

ABBREVIATIONS
[0056] A array of capacitors
[0057] CM control module
[0058] K1 first comparator
[0059] K2 second comparator
[0060] I current source
[0061] T additional current source
[0062] U, source of the reference voltage
[0063] U, source of auxiliary voltage
[0064] U, voltage supply
[0065] InT time interval signal input
[0066] Inl first control input of the control module
[0067] In2 second control input of the control module
[0068] B digital output of the control module
[0069] E set of control outputs of the control module
[0070] OutR complete conversion signal output
[0071] L first rail
[0072] H second rail
[0073] C,,,C, ., ..., C,, C,capacitors in the array of
capacitors
[0074] C, sampling capacitor
[0075] C, charge collecting capacitor
[0076] C, source capacitor
[0077] C, destination capacitor

[0078] U, _,,U,.,...,U,, U, voltages on the capacitors in
the array of capacitors

[0079] U, voltage on the sampling capacitor

[0080] U, voltage on the charge collecting capacitor

[0081] U, voltage on the source capacitor

[0082] U, voltage on the destination capacitor

[0083] b, _;b, ,, ..., b, by bitsin the digital word

[0084] S..., S,1s Spiss - - s Sps Sy, Sy first on-off
switches

Aug. 29,2013

[0085] Sz Sprue1s Spezs + + + 5 S -+ + 5 Sps Spyo Second
on-off switches
[0086] S, SGr-1: Srezs -+ - s Sw - - -5 Sg1s Sgo change-

over switches

[0087] Sg,; first rail on-off switch
[0088] S, current source change-over switch
[0089] A, A, A control outputs of the control module

[0090] .1, .0, . ...,L1,...,1,]1,control outputs of the
control module

[0091] D,,D,,,D,,,...,D,.
outputs of the control module

.., Dy, Dy, Dg,; control

1. Method for conversion of time interval to digital word
characterized in that the time interval, whose both start and
end are detected by the use of the control module (CM), is
mapped to a portion of electric charge proportional to the time
interval, while the portion of electric charge is delivered dur-
ing the time interval by the use of current source (I) and is
accumulated in an array (A) of capacitors (C,, ;,C, ,,...,Cy,
C,) whereas a capacitance value of a capacitor of a given
index is twice as high as a capacitance value of the capacitor
of'the previous index and charge accumulation is started from
the capacitor (C,,_;) having the highest capacitance value in
the array (A) of capacitors and is realized from the start of the
time interval to the end of the time interval detected by means
of'the control module (CM) or until the voltage (U, , ), which
increases on the capacitor (C, ;) and is simultaneously
observed by the use of the second comparator (K2), equals the
reference voltage (U;) value, and in this case the charge
accumulation is continued in the subsequent capacitor in the
array (A) of capacitors whose capacitance value is twice
lower than the capacitance value of the capacitor in which
charge was accumulated directly before, and at the same time
the voltage, increasing on the capacitor in which charge is
currently accumulated, is compared to the reference voltage
(U,) value by the use of the second comparator (K2), and the
cycle is repeated until the end of the time interval is detected
by means of the control module (CM), and afterwards, the
function of the source capacitor (C,), whose index is defined
by the content of the source capacitor (C,) index register in the
control module (CM), is assigned by means of the control
module (CM) to the capacitor (C,) in the array (A) of capaci-
tors by writing the value of the index of the capacitor (C,) to
the source capacitor (C,) index register where the capacitor
(C,) is the last capacitor in which charge was accumulated,
and the function of the destination capacitor (C,) whose index
is defined by the content of the destination capacitor (C,)
index register in the control module (CM) is assigned by
means of the control module (CM) to the subsequent capaci-
tor in the array (A) whose capacitance value is twice lower
than the capacitance value of the source capacitor (C,) by
writing the value stored in the source capacitor (C,) index
register reduced by one to the destination capacitor (C,) index
register, and then, the electric charge accumulated in the
source capacitor (C,) is transferred to the destination capaci-
tor (C,) by the use of the current source (I) and at the same
time the voltage (U,) increasing on the destination capacitor
(C,) 1s compared to the reference voltage (U;) value by the
use the second comparator (K2), and also the voltage (U,) on
the source capacitor (C,) is observed by the use of the first
comparator (K1), and 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 of the
source capacitor (C,) is assigned to the current destination
capacitor (C,) by means of the control module (CM) on the
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basis of the output signal of the first comparator (K1) by
writing the current content of the destination capacitor (C,)
index register in the control module (CM) to the source
capacitor (C,) index register in the control module (CM), and
also the function of the destination capacitor (C,) is assigned
to the subsequent capacitor in the array (A) whose capaci-
tance value is twice lower than the capacitance value of the
capacitor that operated as the destination capacitor directly
before by reducing the content of the destination capacitor
(C,) index register by one, and charge transfer from a new
source capacitor (C,) to a new destination capacitor (C,) is
continued by the use of the current source (I), and when the
voltage (U,) on the destination capacitor (C,) observed by the
use of the second comparator (K2) equals the reference volt-
age (U;) value during the transfer of charge from the source
capacitor (C,) to the destination capacitor (C,), 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 (A) whose capacitance value is twice lower than the
capacitance value of the capacitor that operated as the desti-
nation capacitor directly before by reducing the content of the
destination capacitor (C,) index register by one, and also the
charge transfer from the source capacitor (C,) to a new desti-
nation capacitor (C,) is continued, while this process is still
controlled by means of the control module (CM) on the basis
of the output signals of the 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
in which the function of the destination capacitor (C,) is
assigned to the capacitor (C,) having the lowest capacitance
value in the array (A) of capacitors, or the voltage (U(,)
increasing on the capacitor (C,) and observed at the same
time by the use of the second comparator (K2) equals the
reference voltage (U, ) value while the value one is assigned
to these bits (b,_;, b,.5, - . ., by, by) in the digital word
corresponding to the capacitors (C,_,C, ,,...,C,;,C,)inthe
array (A) of capacitors on which the voltage equal to the
reference voltage (U, ) value has been obtained, and the value
zero is assigned to the other bits by means of the control
module (CM).

2. Method for conversion as claimed in claim 1 character-
ized in that electric charge is delivered by the use of the
current source (I) and is accumulated in the sampling capaci-
tor (C,,) during the time interval whose both start and end are
detected by means of the control module (CM), and after
detecting the end of the time interval by means of the control
module (CM), the function of the source capacitor (C,) whose
index is defined by the content of the source capacitor (C,)
index register in the control module (CM) is assigned by
means of the control module (CM) to the sampling capacitor
(C,,) by writing the value of the index of the sampling capaci-
tor (C,) to the source capacitor (C,) index register, and also the
function of the destination capacitor (C,) whose index is
defined by the content of the destination capacitor (C,) index
register in the control module (CM) is assigned by means of
the control module (CM) to the capacitor (C,,_;) having the
highest capacitance value in the array (A) of capacitors by
writing the value of the index of the capacitor (C,_,) to the
destination capacitor (C,) index register, and after that, the
process of electric charge transfer from the source capacitor
(C,) to the destination capacitor (C,) is realized by the use of
the current source (I) on the basis of the output signals of the
comparators (K1) and (K2) until the voltage (U;) on the
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source capacitor (C,) observed by the use of the first com-
parator (K1) equals zero during the period in which the func-
tion of the destination capacitor (C,) is assigned to the capaci-
tor (C,) having the lowest capacitance value in the array (A)
of capacitors, or the voltage (U,), which increases on the
capacitor (C,) and is simultaneously observed by the use of
the second comparator (K2), equals the reference voltage

(U,) value.

3. Method for conversion as claimed in claim 1 character-
ized in that electric charge is delivered by the use of the
current source (I) and is accumulated during the time interval,
whose both start and end are detected by means of the control
module (CM), in the capacitor (C,_;) having the highest
capacitance value in the array (A) of capacitors and at the
same time in the sampling capacitor (C,,) connected in paral-
lel to the capacitor (C,, ) in the array (A) of capacitors where
the capacitance value of the sampling capacitor (C,) is not
smaller than the capacitance value of the capacitor (C,,_,), and
after detecting the end of the time interval by means of the
control module (CM), the function of the source capacitor
(C,), whose index is defined by the content of the source
capacitor (C,) index register in the control module (CM), is
assigned by means of the control module (CM) to the sam-
pling capacitor (C,) by writing the value of the index of the
sampling capacitor (C,) to the source capacitor (C,) index
register, and also the function of the destination capacitor
(C,), whose index is defined by the content of the destination
capacitor (C,) index register in the control module (CM), is
assigned by means of the control module (CM) to the capaci-
tor (C,,_;) inthe array (A) of capacitors by writing the value of
the index of the capacitor (C,,_;) in the array (A) of capacitors
to the destination capacitor (C,) index register, and after that,
the process of the electric charge transfer from the source
capacitor (C,) to the destination capacitor (C,) is realized by
the use of the current source (1) while the process of charge
transfer is controlled by means of the control module (CM) on
the basis of the output signals of the 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 when the function of the destination capaci-
tor (C,) is assigned to the capacitor (C,) having the lowest
capacitance value in the array (A) of capacitors, or the voltage
(U,), which increases on the capacitor (C,) and is simulta-
neously observed by the use of the second comparator (K2),
equals the reference voltage (U,) value.

4. Method for conversion as claimed in claim 1 character-
ized in that after detecting the end of the time interval by
means of the control module (CM) and after writing the
values of indexes of relevant capacitors to the source capaci-
tor (C,) index register and to the destination capacitor (C,)
index register by means of the control module (CM), the
process of charge redistribution is realized during which
charge is transferred from the source capacitor (C,) to the
destination capacitor (C,) by the use of the additional current
source (J), whose effectiveness is different from the effective-
ness of the current source (I), and the process of charge
redistribution is controlled by means of the control module
(CM) on the basis of the output signals of the 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 in which the function of the destination
capacitor (C,) is assigned to the capacitor (C,) having the
lowest capacitance value in the array (A) of capacitors, or the
voltage (U,), which increases on the capacitor (C,) and is
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simultaneously observed by the use of the second comparator
(K2), equals the reference voltage (U, ) value.

5. Method for conversion as claimed in claim 1 character-
ized in that electric charge is delivered by the use of the
current source (I) and is accumulated in the sampling capaci-
tor (C,,) during the time interval, whose both start and end are
detected by means of the control module (CM), and after
detecting the end of'this time interval by means of the control
module (CM), the function of the source capacitor (C,) whose
index is defined by the content of the source capacitor (C,)
index register in the control module (CM) is assigned by
means of the control module (CM) to the sampling capacitor
(C,,) by writing the value of the index of the sampling capaci-
tor (C,,) to the source capacitor (C,) index register, and also the
function of the destination capacitor (C,), whose index is
defined by the content of the destination capacitor (C,) index
register in the control module (CM), is assigned by means of
the control module (CM) to the capacitor (C,,_;) having the
highest capacitance value in the array (A) of capacitors by
writing the value of the index of the capacitor (C,_,) to the
destination capacitor (C,) index register, and after that, the
process of redistribution of accumulated electric charge is
realized during which charge is transferred from the source
capacitor (C,) to the destination capacitor (C,) by the use of
the additional current source (J), whose effectiveness is dif-
ferent from the effectiveness of the current source (I), and the
process of charge redistribution is controlled by means of the
control module (CM) on the basis of the output signals of the
comparators (K1) and (K2) until the voltage (U;) on the
source capacitor (C,) observed by the use of the first com-
parator (K1) equals zero during the period in which the func-
tion of the destination capacitor (C,) is assigned to the capaci-
tor (C,) having the lowest capacitance value in the array (A)
of capacitors, or the voltage (U,), which increases on the
capacitor (C,) and is simultaneously observed by the use of
the second comparator (K2), equals the reference voltage
(U,) value.

6. Method for conversion as claimed in claim 1 character-
ized in that electric charge is delivered by the use of the
current source (I) and is accumulated during the time interval,
whose both start and end are detected by means of the control
module (CM) in the capacitor (C,_;) having the highest
capacitance value in the array (A) of capacitors and at the
same time in the sampling capacitor (C,)) connected in paral-
lel to the capacitor (C,, ) in the array (A) of capacitors where
the capacitance value of the sampling capacitor (C,) is not
smaller than the capacitance value of the capacitor (C,,_;) and
after detecting the end of the time interval by means of the
control module (CM), the function of the source capacitor
(C,), whose index is defined by the content of the source
capacitor (C,) index register in the control module (CM), is
assigned by means of the control module (CM) to the sam-
pling capacitor (C,) by writing the value of the index of the
sampling capacitor (C,) to the source capacitor (C,) index
register, and also the function of the destination capacitor (C,)
whose index is defined by the content of the destination
capacitor (C,) index register in the control module (CM) is
assigned by means of the control module (CM) to the capaci-
tor (C,,_;) inthe array (A) of capacitors by writing the value of
the index of the capacitor (C,, ;) in the array (A) of capacitors
to the destination capacitor (C,) index register, and after that,
the process of redistribution of accumulated electric charge is
realized during which charge is transferred from the source
capacitor (C,) to the destination capacitor (C,) by the use of
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the additional current source (J), whose effectiveness is dif-
ferent from the effectiveness of the current source (1), and the
process of charge redistribution is controlled by means of the
control module (CM) on the basis of the output signals of the
comparators (K1) and (K2) until the voltage (U,) on the
source capacitor (C,) observed by the use of the first com-
parator (K1) equals zero during the period in which the func-
tion of the destination capacitor (C,) is assigned to the capaci-
tor (C,) having the lowest capacitance value in the array (A)
of capacitors, or the voltage (U,), which increases on the
capacitor (C,) and is simultaneously observed by the use of
the second comparator (K2), equals the reference voltage

(U,) value.

7. Apparatus for conversion of time interval to digital word
containing the control module equipped with the digital out-
put characterized in that the apparatus comprises the array (A)
of capacitors whose control inputs are connected to the set of
control outputs (E) of the control module (CM), and the
control module (CM) is equipped with the digital output (B),
the complete conversion signal output (OutR), the time inter-
val signal input (InT) and two control inputs (In1) and (In2)
where the first control input (In1) is connected to the output of
the first comparator (K1) whose inputs are connected to one
pair of outputs of the array (A) of capacitors, and the other
control input (In2) of the control module (CM) is connected to
the output of the second comparator (K2) whose inputs are
connected to other pair of outputs of the array (A), and fur-
thermore, the voltage supply (U,,), the source of auxiliary
voltage (Uj,) together with the source of the reference voltage
(U,) and the controlled current source (I) are connected to the
array (A) of capacitors, and the control input of the controlled
current source (1) is connected to the control output (A,) of the
control module (CM).

8. Apparatus as claimed in claim 7 characterized in that the
array (A) of capacitors comprises a number of n capacitors
(C,.1,C,, 25 - - ., C;, Cp, and a capacitance value of a capacitor
of'a given index is twice as high as a capacitance value of the
capacitor of the previous index, and the top plate of the
capacitor (C, ) having the highest capacitance value in the
array (A) of capacitors is connected through the closed first
on-off switch (S;,, ;) to the first rail (L) with which the top
plates ofthe other capacitors (C, ,, . .., C,, Cyinthearray (A)
of capacitors are connected through the open first on-off
switches (S;,, 5, - - -, Sz;, S;o), While the top plate of the
capacitor (C,,_,) is also connected through the closed second
on-off switch (S, ;) to the second rail (H) with which the top
plates of the other capacitors (C,, ,, . . . , C;, C,) of the array
(A) are connected through the open second on-off switches

______ s Sgo) and the bottom plate of the capacitor
(C,,.1) is connected to the ground of the circuit through the
change-over switch (S, ;) whose moving contact is con-
nected to its first stationary contact and the other stationary
contact of the change-over switch (S, ;) is connected to the
source of auxiliary voltage (U,,) and also to the non-inverting
input of the first comparator (K1), while the bottom plates of
the other capacitors (C,, ,, . . ., C,, Cy) of the array (A) are
connected to the source of auxiliary voltage (U,) through the
change-over switches (S, 5, - - -, Sg1, Sgo) Whose moving
contacts are connected to their other stationary contacts, and
the first stationary contacts of the change-over switches (S,
2, ..., Sa1, Sgo) are connected to the ground of the circuit,
whereas the first rail (L) is connected to the ground of the
circuit through the open first rail on-oft switch (S5,;;) and to
the non-inverting input of the second comparator (K2) whose
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inverting input is connected to the source of the reference
voltage (U;), while the second rail (H) is connected to the
inverting input of the first comparator (K1), and moreover, the
control inputs of the first on-off switches (S;,, .1, S;,.5, - - - »
S;15 S;0) and the control inputs of the change-over switches
(SGu.1s SGpas - - -5 Sgp» Sgo) of the array (A) are coupled
together and connected to the relevant control outputs (I, ;,
1,5 ...,1;,1,) of the set of control outputs (E) of the control
module (CM), while the control inputs of the second on-off
switches (Szz,.15 Sppa, . s Sz,) and the control input of
the first rail on-off switch (S, ;,) are connected to the relevant
control outputs (D,,_;, D, 5, ..., D;, D) and (D,;,) of the set
of control outputs (E) of the control module (CM), while one
end of the current source (I) is connected to the voltage supply
(Upp) through the current source change-over switch (S;)
whose moving contact is connected to its first stationary
contact, and the other stationary contact of the current source
change-over switch (8;) is connected to the second rail (H),
and the other end of the current source (I) is connected to the
first rail (L), and furthermore, the control input of the current
source (1) is connected to the control output (A,) of the control
module (CM), and the control input of the current source
change-over switch (S,) is connected to the control output
(Ag) of the control module (CM).

9. Apparatus as claimed in claim 8 characterized in that the
sampling capacitor (C,) is connected to the array (A) of
capacitors, while the top plate of the sampling capacitor (C,,)
is connected to the first rail (L) through the closed first on-off
switch (S;,,) and also it is connected to the second rail (H)
through the open second on-oft switch (S,;,), whereas the
bottom plate of the sampling capacitor (C,) is connected to
the ground of the circuit through the change-over switch
(Sg,,), whose moving contact is connected to its first station-
ary contact, and the other stationary contact of the change-
over switch (Sg,,) is connected to the source of auxiliary
voltage (Uy,), and the control input of the first on-oft switch
(S;,) and the control input of the change-over switch (Sg,,)
are coupled together and connected to the control output (I,)
of the control module (CM), whereas the control input of the
second on-off switch (S,) is connected to the control output
(D,,) of the control module (CM), and also the top plate of the
capacitor (C,,_;) having the highest capacitance value in the
array (A) of capacitors is connected to the first rail (L) through
the open first on-off switch (S;,,_;) and to the second rail (H)
through the closed second on-off switch (S, ;), while the
bottom plate of the capacitor (C,, ) is connected to the source
of auxiliary voltage (Uj) through the change-over switch
(Sg,,.1) whose moving contact is connected to its other sta-
tionary contact, whereas the first stationary contact of the
change-over switch (S, ;) is connected to the ground of the
circuit.

10. Apparatus as claimed in claim 8 characterized in that
the sampling capacitor (C,) is connected to the array (A) of
capacitors where the capacitance value of the sampling
capacitor (C,) is not smaller than the capacitance value of the
capacitor (C,,_;) having the highest capacitance value in the
array (A) of capacitors, while the sampling capacitor (C,,) is
connected in parallel to the capacitor (C,_,) in the array (A) of
capacitors through the first rail (L) and through the ground of
the circuit in a way that the top plate of the sampling capacitor
(C,,) is connected to the first rail (L) through the closed first
on-off switch (S;,,), and on the other hand, the bottom plate of
the sampling capacitor (C,,) is connected to the ground of the
circuit through the change-over switch (S,,) whose moving
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contact is connected to its first stationary contact, and the
other stationary contact of the change-over switch (Sg,,) is
connected to the source of auxiliary voltage (Uj), and more-
over, the top plate of the sampling capacitor (C,)) is connected
also to the second rail (H) through the open second on-off
switch (S;;,,), whereas the control input of the first on-off
switch (S;,,) and the control input of the change-over switch
(Sg,,) are coupled together and connected to the control out-
put (1) of the control module (CM), and the control input of
the second on-off switch (S;;,,) is connected to the control
output (D, of the control module (CM).

11. Apparatus as claimed in claim 7 characterized in that an
additional controlled current source (J) is connected to the
array (A) of capacitors, and the control input of the additional
controlled current source (J) is connected to the relevant
control output (A ) of the control module (CM).

12. Apparatus as claimed in claim 11 characterized in that
the array (A) of capacitors comprises a number of'n capacitors
(C,.1,C, 5, - .., Cy,Cy), and a capacitance value of a capacitor
of'a given index is twice as high as a capacitance value of the
capacitor of the previous index, and the top plate of the
capacitor (C,,_;) having the highest capacitance value in the
array (A) of capacitors is connected through the closed first
on-off switch (S;,, ;) to the first rail (L) with which the top
plates of the other capacitors (C,,,, . . ., C,, C,) in the array
(A) of capacitors are connected through the open first on-off
switches (S;,, 5, - - -, Sz;, S;o), While the top plate of the
capacitor (C,,_,) is also connected through the closed second
on-off switch (S, ) to the second rail (H) with which the top
plates of the other capacitors (C, ,, . . . , C;, C,) of the array
(A) are connected through the open second on-off switches
(Szzs - - - » Sg1s Sgo), and the bottom plate of the capacitor
(C,,.,) is connected to the ground of the circuit through the
change-over switch (S, ;) whose moving contact is con-
nected to its first stationary contact and the other stationary
contact of the change-over switch (S_;) is connected to the
source of auxiliary voltage (U,,) and also to the non-inverting
input of the first comparator (K1), while the bottom plates of
the other capacitors (C,,,, . . . , C;, C,) of the array (A) are
connected to the source of auxiliary voltage (U,) through the
change-over switches (S0, - - - 5 Say» Sgo) Whose moving
contacts are connected to their other stationary contacts, and
the first stationary contacts of the change-over switches (S,
2, ..., 841, Sgo) are connected to the ground of the circuit,
whereas the first rail (L) is connected to the ground of the
circuit through the open first rail on-off switch (S,;;) and to
the non-inverting input of the second comparator (K2) whose
inverting input is connected to the source of the reference
voltage (U;), while the second rail (H) is connected to the
inverting input of the first comparator (K1), and moreover, the
control inputs of the first on-oft switches (S;,, ;, S;,,5, - - - »
S;1s S;0) and the control inputs of the change-over switches

SGits SGuos - - s Sg1s Sgo) of the array (A) are coupled
together and connected to the relevant control outputs (L, ;,
1,5, ...,1;,1,) of the set of control outputs (E) of the control
module (CM), while the control inputs of the second on-off
switches (Sz, 15 Szns - -+ s Sgris Spo) and the control input of
the first rail on-off switch (S, ;) are connected to the relevant
controloutputs D, |, D, ,....,D;,Dy)and (D,;) of the set of
control outputs (E) of the control module (CM), while one
end of the current source (I) is connected to the voltage supply
(Upp), and the other end of the current source (I) is connected
to the first rail (L), with which the other end of the additional
current source (J) is also connected, whereas one end of the



US 2013/0222170 Al

additional current source (J) is connected to the second rail
(H), and the control input of the current source (I) is con-
nected to the control output (A,) of the control module (CM)
while the control input of the additional current source (J) is
connected to the control output (A) of the control module
(CM).

13. Apparatus as claimed in claim 12 characterized in that
the sampling capacitor (C,,) is connected to the array (A) of
capacitors, while the top plate of the sampling capacitor (C,)
is connected to the first rail (L) through the closed first on-off
switch (S;,,) and also it is connected to the second rail (H)
through the closed second on-off switch (S;;,), whereas the
bottom plate of the sampling capacitor (C,) is connected to
the ground of the circuit through the change-over switch
(Sg,,) whose moving contact is connected to its first stationary
contact, and the other stationary contact of the change-over
switch (Sg,,) is connected to the source of auxiliary voltage
(U, and the control input of the first on-off switch (S;,,) and
the control input of the change-over switch (S,,) are coupled
together and connected to the control output (I,,) of the control
module (CM), whereas the control input of the second on-off
switch (S,,) is connected to the control output (D,,) of the
control module (CM), and also the top plate of the capacitor
(C,,.,) having the highest capacitance value in the array (A) of
capacitors is connected to the first rail (L) through the open
first on-off switch (S;,, ;) and to the second rail (H) through
the open second on-off switch (S, ), while the bottom plate
of'the capacitor (C,, ;) is connected to the source of auxiliary
voltage (Uy,) through the change-over switch (Sg,,_;) whose
moving contact is connected to its other stationary contact,
whereas the first stationary contact of the change-over switch
(Sg,,.1) 1s connected to the ground of the circuit.

14. Apparatus as claimed in claim 12 characterized in that
the sampling capacitor (C,,) is connected to the array (A) of
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capacitors where the capacitance value of the sampling
capacitor (C,) is not smaller than the capacitance value of the
capacitor (C,,_;) having the highest capacitance value in the
array (A) of capacitors, while the sampling capacitor (C,) is
connected in parallel to the capacitor (C, ;) inthe array (A) of
capacitors through the first rail (L) and through the ground of
the circuit in a way that the top plate of the sampling capacitor
(C,,) 1s connected to the first rail (L) through the closed first
on-off switch (S;,,), and on the other hand, the bottom plate of
the sampling capacitor (C,,) is connected to the ground of the
circuit through the change-over switch (S,,) whose moving
contact is connected to its first stationary contact, and the
other stationary contact of the change-over switch (S,) is
connected to the source of auxiliary voltage (Uj), and more-
over, the top plate of the sampling capacitor (C,,) is connected
also to the second rail (H) through the closed-second on-off
switch (S;,,), whereas the control input of the first on-off
switch (S;,,) and the control input of the change-over switch
(Sg,,) are coupled together and connected to the control out-
put (1) of the control module (CM), and the control input of
the second on-off switch (S;;,,) is connected to the control
output (D,,) of the control module (CM) while the top plate of
the capacitor (C,,_;) having the highest capacitance value in
the array (A) of capacitors is connected to the first rail (L)
through the closed first on-off switch (S;,, ;) and also to the
second rail (H) through the open second on-off switch (S,
1), whereas the bottom plate of the capacitor (C,_;) is con-
nected to the ground of the circuit through the change-over
switch (S,,.;) whose moving contact is connected to its other
stationary contact, whereas the first stationary contact of the
change-over switch (Sg,,_;) is connected to the source of
auxiliary voltage (Up,).

#* #* #* #* #*
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