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(57) Abstract: The solution according to the invention consisting in conversion 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 capacitors (Cy.1,..., Co) 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 ((Cu.t,..., Co)) in the order of decreasing capacitances starting from the
capacitor (C,.1) having the highest capacitance value in the array, and when the control module (CM) detects the end of the time
interval, the charge accumulated in the capacitor (Cy) charged recently is successively transferred by the use of the current source
(D to the capacitors of lower capacitance values. The process of charge transfer is controlled by the control module (CM) on the
basis of the output signals of the comparators (K1) and (K2) without the use of a clock while the value one is assigned to these
bits (bp.1,..., bo) in the digital output word that correspond to the capacitors (Cy1,..., Co) on which the reference voltage (Up) of a
desired value has been obtained, and the value zero is assigned to the other bits.
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Method and apparatus for conversion

of time interval to digital word

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 monitoring and

control systems.

The method for the conversion of a time interval to a digital word known from the
international patent application W(02008/123786 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 converted 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 converted
time interval.

The apparatus for the conversion of analog signals to digital signals with asynchronous
Sigma-Delta modulation known from the international patent application WO02008/123786
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 provided 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.

The method according to the invention is characterized 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 accumulated 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 accumulation is started from the

capacitor having the highest capacitance value in the array of capacitors and is realized from the
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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 capacitance value in the
array of capacitors and is simultancously 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 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 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 the content of the source capacitor
index register in the control 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 capacitor. 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 subsequent capacitor in the array whose capacitance 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, 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 comparator to the



WO 2011/152744 PCT/PL2011/050021
3

subsequent capacitor in the array whose capacitance 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 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 increasing on the capacitor of
the lowest capacitance 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 capacitors 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.

In the another variant of the method, electric charge is delivered by the use of the current
source and is accumulated in the sampling capacitor during the time interval whose both start
and end are detected by means of the control module, 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 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
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 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.
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In the another variant of the method, electric charge is delivered by the use of the current
source and is accumulated 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 capacitor 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 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.

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 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 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
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capacitors and is simultaneously observed by the use of the second comparator, equals the

reference voltage value.

In the another variant of the method, electric charge is delivered by the use of the current
source and is accumulated in the sampling capacitor during the time interval whose both start
and end are detected by means of the control module, 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 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 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 simultancously observed by the use of the second comparator, equals the

reference voltage value.

In the 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
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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, 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 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 simultancously observed by the use of the second comparator, equals the

reference voltage value.

Apparatus according to the invention containing the control module equipped with the
digital output is characterized in that the apparatus comprises the array of capacitors whose
control inputs are connected to the set of control outputs 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 control input of the controlled current source is connected to the relevant control output of

the control module.

In this variant of the apparatus, the array 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, 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 highest capacitance value in the
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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 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 contacts of the change-over switches are connected to the ground of the circuit. The
first rail is connected 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 module, while the control inputs of the second on-off 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 connected 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 relevant control output of the control module.

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
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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 contact 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.

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-off 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 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.

In the another variant of the apparatus, a controlled additional current source is connected
to the array of capacitors, and the control input of the additional current source is connected to
the relevant control output of the control module.

In this variant of the apparatus, the array of capacitors 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
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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 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 connected 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 module while the control
inputs of the second on-off switches and the control input of the first rail on-off switch are
connected to the relevant control outputs of the control module. Furthermore, 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.

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 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
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whose moving contact 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.

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-off 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 connected to the first rail through the closed first on-off 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 connected to the ground of the
circuit through the change-over switch whose moving contact is connected to its other stationary
contact, whereas the first stationary contact of the change-over switch is connected to the source

of auxiliary voltage.

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 consuming
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 circuit, the solution according to the invention enables the reduction of energy consumed
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by the conversion apparatus. The use of an additional sampling capacitor for the accumulation of
the converted electric charge allows a means of controlling apparatus operation to be simplified.
The accumulation 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
capacitance 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 subsequent 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 redistribution process with the additional current source

can be reduced many times compared to the maximum duration of converted time intervals.

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

Fig. 1 - illustrates a block diagram of the apparatus.

Fig. 2 - illustrates the schematic diagram of the apparatus in the relaxation phase.

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,; in the array of
capacitors.

Fig. 4 - illustrates the schematic diagram of the apparatus during the accumulation of charge in
the subsequent capacitor Cy in the array of capacitors.

Fig. 5 - illustrates the schematic diagram of the apparatus during the transfer of charge from the
source capacitor C; to the destination capacitor Cy in the array of capacitors.

Fig. 6 - illustrates the schematic diagram of the another version of the apparatus in the relaxation
phase.

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,.

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 capacitor Cx for i=n
and k=n-1.

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.

Fig. 10 - illustrates a block diagram of the another variant of the apparatus.



WO 2011/152744 PCT/PL2011/050021
12

Fig. 11- illustrates the schematic diagram of the another variant of the apparatus in the relaxation
phase.

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.

Fig. 13 - illustrates the schematic diagram of the another variant of the apparatus during the
accumulation of charge in the subsequent capacitor Cy in the array of capacitors.

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 Ck.

Fig. 15- illustrates the schematic diagram of the another version of the apparatus variant in the
relaxation phase.

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,.

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 Ci for i=n
and k=n-1.

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 Cy

connected in parallel.

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 I and accumulated in an array A of
capacitors Cn.i, Cn, ..., Ci, Co, 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
1s 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 Up 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 accumulated currently, is

compared to the reference voltage Uy, value by the use of the second comparator K2. The cycle is
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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 capacitors by writing the value of the index of
the capacitor C to the source capacitor C; index register where the capacitor Cs 1s the last
capacitor in which charge was accumulated, and the function of the destination capacitor Ci
whose index is defined by the content of the destination capacitor Cy index register in the control
module CM is assigned by means of the control module 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 destination capacitor Cy index register. Then, the charge accumulated in the source
capacitor C; 1s transferred to the destination capacitor Cy by the use of the current source I and at
the same time the voltage Uy increasing on the destination capacitor Cy is compared to the
reference voltage Up, 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. 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 Cy

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 Cy 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 Cy 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 capacitor directly before by reducing the content of the destination capacitor Cy index
register by one, and charge transfer from a new source capacitor C; to a new destination capacitor
Ci 18 continued by the use of the current source I. On the other hand, when the voltage Uy on the
destination capacitor Cy observed by the use of the second comparator K2 equals the reference
voltage Up value during the transfer of charge from the source capacitor C; to the destination
capacitor Cy, the function of the destination capacitor Ci 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 destination capacitor directly before by reducing the content of the
destination capacitor Cy index register by one, and also the charge transfer from the source
capacitor C; to a new destination capacitor Cy is continued. 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
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equals zero during the period in which the function of the destination capacitor Cy 1s assigned to
the capacitor Cy having the lowest capacitance value in the array A of capacitors, or the voltage
Uy increasing on the capacitor Cy and observed at the same time by the use of the second
comparator K2 equals the reference voltage Uy value while the value one is assigned to these bits
ba-1, baz, ..., bi, bg in the digital word corresponding to the capacitors C,.1, Gy, ..., Ci, Co in the
array A of capacitors on which the voltage equal to the reference voltage Up value has been

obtained, and the value zero is assigned to the other bits by means of the control module CM.

In the 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 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

1s 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 Cy index register in the control module CM is assigned by means of the control module
CM to the capacitor C,.1 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 Cy index register.
Next, the process of electric charge transfer from the source capacitor C; to the destination
capacitor Cy 18 realized by the use of the current source I. 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 Ci 1s assigned to the
capacitor Cy having the lowest capacitance value in the array A of capacitors, or the voltage Uy,
which increases on the capacitor Cy and is simultaneously observed by the use of the second

comparator K2, equals the reference voltage Uy value.

In the another variant of the method, electric charge is delivered by the use of the current
source | 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 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
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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 Cy 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,.; in the array A of capacitors to the destination capacitor Cy
index register. After that, the process of the charge transfer from the source capacitor C; to the
destination capacitor Cy 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 Cy 1s assigned to
the capacitor Cy having the lowest capacitance value in the array A of capacitors, or the voltage
Uy, which increases on the capacitor Cy and is simultaneously observed by the use of the second

comparator K2, equals the reference voltage Uy value.

In the 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 capacitors to the
source capacitor C; index register and to the destination capacitor Cy 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 Cx by the use of the
additional current source J whose effectiveness is different from the effectiveness of the current
source | while it is preferred to use the additional current source J whose effectiveness is higher
than the effectiveness of the current source I. 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 Cy 1s assigned to
the capacitor Cy having the lowest capacitance value in the array A of capacitors, or the voltage
Uy, which increases on the capacitor Cy and is simultaneously observed by the use of the second

comparator K2, equals the reference voltage Uy value.

In the another variant of the method, electric charge is delivered by the use of the current
source | and is accumulated 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
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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;y whose index is defined by the content of the
destination capacitor Cy 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 Ci
index register. 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 Cy 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 I. 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 Cy 1s assigned to
the capacitor Cy having the lowest capacitance value in the array A of capacitors, or the voltage
Uy, which increases on the capacitor Cy and is simultaneously observed by the use of the second

comparator K2, equals the reference voltage Uy value.

In the another variant of the method, electric charge is delivered by the use of the current
source | 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 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 Cy 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,.; in the array A of capacitors to the destination capacitor Cy
index register. After that, the process of redistribution of accumulated charge is realized during

which charge is transferred from the source capacitor C; to the destination capacitor Ci by the
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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. 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 Cy 1s assigned to
the capacitor Cy having the lowest capacitance value in the array A of capacitors, or the voltage
Uy, which increases on the capacitor Cy and is simultaneously observed by the use of the second

comparator K2, equals the reference voltage Uy value.

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 Inl and In2. The first control
input Inl 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 the
other pair of outputs of the array A. Furthermore, the voltage supply Upp, the source of auxiliary
voltage Uy together with the source of the reference voltage Ur 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.

The array A in this variant of the apparatus comprises a number of n capacitors C,.1, Cyoa,
.., C1, 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 bit by.1, ba, .., b1, bp in
the digital output B of the control module CM is assigned to each capacitor Cy.i, Cu, ..., Ci, Co.
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 Sy, to the first rail L with which
the top plates of the other capacitors Cy, ..., Ci, Co in the array A of capacitors are connected
through the open first on-off switches Siao, ..., Sii, Sre, While the top plate of the capacitor Cy1
1s also connected through the closed second on-off switch Sy, to the second rail H with which
the top plates of the other capacitors C,, ..., Ci, Cp in the array A are connected through the
open second on-off switches Sunp, ..., Smi, Smo. The bottom plate of the capacitor C,. is

connected to the ground of the circuit through the change-over switch Sgy,1 whose moving

contact is connected to its first stationary contact and the other stationary contact of the change-
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over switch Sgn.1 1S connected to the source of auxiliary voltage Uy and also to the non-inverting
input of the first comparator K1. The bottom plates of the other capacitors C,., ..., Ci, Co in the
array A are connected to the source of auxiliary voltage Uy through the change-over switches
Scn2, ---» SG1, Sgo Whose moving contacts are connected to their other stationary contacts, and the
first stationary contacts of the change-over switches Sgna, ..., Sgi, Sgo 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 Sgai and to the non-inverting input of the second
comparator K2 whose inverting input is connected to the source of the reference voltage Ui,
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 Sya.1, Staz, ..., Sii, Spo and the control inputs of the
change-over switches Sga-1, Sgn-2, ---» Sg1, Sco 1n the array A are coupled together and connected
to the relevant control outputs i, Lz, ..., Ii, Io of the set of control outputs E of the control
module CM, while the control inputs of the second on-off switches Sun.1, Stn2, ..., Sui, Smo and
the control input of the first rail on-off switch Sga are connected to the relevant control outputs
Dui, Dna, ..., D1, Do and Dai 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 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 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 I 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.

In the another version of this apparatus variant, 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 Sy, and also it is connected to the second rail H
through the open second on-off switch Su,. 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, 1s 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 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 Sy, is connected to the control output D, of the control module CM.
Furthermore, 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 Sy, and to the
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second rail H through the closed second on-off switch Sy,, while the bottom plate of the

capacitor C, 1 18 connected to the source of auxiliary voltage Uy through the change-over switch
Scn1 Whose moving contact is connected to its other stationary contact, whereas the first

stationary contact of the change-over switch Sgn.1 1S connected to the ground of the circuit.

In the another version of this apparatus variant, 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 Sg, whose moving contact
is connected to its first stationary contact, and the other stationary contact of the change-over
switch Sgn 18 connected to the source of auxiliary voltage Uy. Moreover, the top plate of the
sampling capacitor C, is connected also to the second rail H through the open second on-off
switch Sus, 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 output I, of the control
module CM, and the control input of the second on-off switch Sy, 18 connected to the control

output D, of the control module CM.

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 Ay of the control module CM.

The array A of capacitors in this variant of the apparatus comprises a number of n capacitors
Cit, Caa, ..., C1, 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 bit by.1, ba, ..., b1, by in
the digital output B of the control module CM is assigned to each capacitor Cy.i, Cu, ..., Ci, Co.
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 Sy, to the first rail L with which

the top plates of the other capacitors Cy, ..., Ci, Co in the array A of capacitors are connected

through the open first on-off switches Siao, ..., Sii, Sro, While the top plate of the capacitor Cyq
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1s also connected through the closed second on-off switch Sy, to the second rail H with which
the top plates of the other capacitors C,, ..., Ci, Cp in the array A are connected through the
open second on-off switches Sunp, ..., Smi, Smo. The bottom plate of the capacitor C, is
connected to the ground of the circuit through the change-over switch Sgy,1 whose moving
contact is connected to its first stationary contact and the other stationary contact of the change-
over switch Sgn.1 1S connected to the source of auxiliary voltage Uy and also to the non-inverting
input of the first comparator K1. The bottom plates of the other capacitors C,., ..., Ci, Cg in the
array A are connected to the source of auxiliary voltage Uy through the change-over switches
Scn2, ---» SG1, Sgo Whose moving contacts are connected to their other stationary contacts, and the
first stationary contacts of the change-over switches Sgna, ..., Sgi, Sgo 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 Sgai and to the non-inverting input of the second
comparator K2 whose inverting input is connected to the source of the reference voltage Ui,
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 Sya.1, Staz, ..., Sii, Spo and the control inputs of the
change-over switches Sga-1, Sgn-2, ---» Sg1, Sco 1n the array A are coupled together and connected
to the relevant control outputs Ini, Lz, ..., Ii, Io of the set of control outputs E of the control

module CM, while the control inputs of the second on-off switches Sun.1, Stn2, ..., Sui, Smo and

the control input of the first rail on-off switch Sga are connected to the relevant control outputs
Do, Dna, ..., D1, Do and Dai of the set of control outputs E of the control module CM.
Furthermore, one end of the current source [ 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 also the other end of
the additional current source J is connected, whereas one end of the additional current source J is
connected to the second rail H, and the control input of the current source I is connected 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 Ay of the control module CM.

In the another version of this apparatus variant, 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 Sy, and also it is connected to the second rail H
through the closed second on-off switch Sp,. 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 Sgs 1s 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 Sg, are coupled together and
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connected to the control output I, of the control module CM, whereas the control input of the
second on-off switch Syj, 1s 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 Spy, while the bottom plate of the
capacitor C,. 1 18 connected to the source of auxiliary voltage Uy through the change-over switch
Scn1 Whose moving contact is connected to its other stationary contact, whereas the first

stationary contact of the change-over switch Sgn.1 1S connected to the ground of the circuit.

In the another version of this apparatus variant, 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 Sg, whose moving contact
is connected to its first stationary contact, and the other stationary contact of the change-over
switch Sgn 18 connected to the source of auxiliary voltage Uy. Moreover, the top plate of the
sampling capacitor C, is connected also to the second rail H through the closed second on-off
switch Sus, 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 output I, of the control
module CM, and the control input of the second on-off switch Sy, 18 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 Sga-
1, 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 stationary contact,
whereas the first stationary contact of the change-over switch Sgy.1 1S connected to the source of

auxiliary voltage Up.

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
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Lo, Lo, ..., L, Lo, the closure of the first on-off switches Sia1, Sia2,.-., Sri, Sro and thereby the
connection of the top plates of all the capacitors Cy.1, Cha, ..., Ci, Co in the array A to the first
rail L and also the switching of the change-over switches Sgn-1, Sgn2, -..» Sa1, Sco and thereby the
connection of the bottom plates of the capacitors C,.1, Cn, ..., Ci, Co to the ground of the circuit.
On the other hand, by means of the control signal provided on the output Dy, the control module
CM causes the closure of the first rail on-off switch Sgay 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
Cii, G, .., Ci, Cp in the array A. Afterwards, the control module CM causes, by means of the
control signal provided on the output Dy, the closure of the second on-off switch Sun.i 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 Dy, ..., D1,
Dy, the opening of the second on-off switches Spu, ..., Sui, Suo. Moreover, by means of the
control signal provided on the output Aj, the control module CM causes the switching off the
current source I while, by means of the control signal provided 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 Upp (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 Day, the opening of the first rail on-off switch Sgai 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 on the outputs L., ..., I1, Lo,
the opening of the first on-off switches Spuz,..., Sri, Spo and thereby the disconnection of the top
plates of the capacitors C,., ..., Ci, Cy in the array A from the first rail L and also the switching
of the change-over switches Sgn-z, ..., Sc1, Sgo and thereby the connection of the bottom plates of
the capacitors Cy.z,..., Ci, Cg to the source of auxiliary voltage Un. At the same time, by means of
the control signal provided on the output Aj, the control module CM causes the switching on the
current source 1. 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 by.1, baa,
..., b1, by 1n 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 capacitance value in the
array A where the index of the charge collecting capacitor C; is defined by the content of the
destination capacitor Cy index register in the control module CM by writing the value of the

index of the capacitor C,.; to the destination capacitor Cy index register (Fig. 3). The electric
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charge delivered by the use of the current source I is accumulated 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 Sp,.1. Accumulation of
charge in the capacitor Cy causes a progressive increase of the voltage Uy on that capacitor. The
voltage Uy is compared to the reference voltage Up of a fixed value by the second comparator
K2. When the voltage Uy on the capacitor Cy, 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 L, the opening of the first on-off switch Sy
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 Sgx and thereby the connection of
the bottom plate of the capacitor C, to the source of auxiliary voltage Un. Next, by reduction of
the content of the destination capacitor Cy 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 capacitance 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 I, the closure of the first on-off switch Siy
and thereby the connection 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 | through the first rail L and through the closed first on-off switch S;, (Fig. 4). Each time
the voltage Uy increasing on the capacitor C, reaches the reference voltage Ur 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 subsequent 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 capacitor C,,
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

capacitor C, from the first rail L, and also the concurrent switching of the change-over switch
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Scx and thereby the connection of the bottom plate of the capacitor C, to the source of auxiliary
voltage Up. 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 Spn; 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 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, by writing the content of the destination
capacitor Cy index register 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; 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 Sy;, 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 Cy index register by one, the control module
CM assigns the function of the destination capacitor Cy, whose index is defined by the content of

the destination capacitor Cy 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 I, the closure of the first on-off switch Siy and thereby the connection of the top plate
of the destination capacitor Cy to the first rail L, and also the concurrent switching of the change-
over switch Sgi and thereby the connection of the bottom plate of the destination capacitor Cy to
the ground of the circuit. The charge accumulated in the source capacitor C; is transferred by the
use of the current source I through the second rail H and through the first rail L to the destination
capacitor Cy (Fig. 5) while the voltage U; on the source capacitor C; progressively decreases,
whereas at the same time the voltage Uy on the destination capacitor Cy progressively increases

during the charge transfer.

In case when the voltage Uy on the current destination capacitor Cy 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 by 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;i and thereby the disconnection of the top plate of the destination
capacitor Cy from the first rail L, and also the concurrent switching of the change-over switch
Sck and thereby the connection of the bottom plate of the destination capacitor Cy to the source

of auxiliary voltage Un. Afterwards, by reduction of the content of the destination capacitor Ci
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index register by one, the control module CM assigns the function of the destination capacitor Cy
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 I, the
closure of the first on-off switch S;i and thereby the connection of the top plate of a new
destination capacitor Cy to the first rail L, and also the concurrent switching of the change-over
switch Sck and thereby the connection of the bottom plate of the destination capacitor Cy 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 Sg; 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 li, the opening of the first on-off switch S;i and thereby the
disconnection of the top plate of the destination capacitor Cy from the first rail L, and also the
concurrent switching of the change-over switch Sgk and thereby the connection of the bottom
plate of the destination capacitor Ci to the source of auxiliary voltage Un. Next, 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 Cy 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 Ci, 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 Sy; 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 Cy index register by one, the control module
CM assigns the function of the destination capacitor Ci, whose index is defined by the content of
the destination capacitor Cy 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 Ii, the closure of the first on-
off switch Sik and thereby the connection of the top plate of the destination capacitor Cy to the
first rail L, and also the concurrent switching of the change-over switch Sgi and thereby the
connection of the bottom plate of the new destination capacitor Cy 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
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on the output of the second comparator K2 causes the assignment of the function of the
destination capacitor Cy 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 Cy, and at the same time the assignment of
the function of the destination capacitor Ci 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 Cy having the lowest
capacitance value in the array A stops to act as the destination capacitor Cy. 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 Cyo. When the active state
appears on the output of the second comparator K2, the control module CM assigns the value
one to the bit by.

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 bs.1, ba, .., b1, by
in the output digital word, the control module CM activates the signal provided on the complete
conversion signal output OutR and causes introduction of the apparatus into the relaxation phase
by switching 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 Upp, also
the closure of the first on-off switches Syn.1, Spa, ..., SLi, Sio and thereby the connection of the
top plates of all the capacitors C,.i, Gy, ..., Ci, Cp in the array A to the first rail L, and also the
concurrent switching of the change-over switches Sgni, Scn2, -..» Sgi, Sgo to positions
connecting the bottom plates of the capacitors Cp.i, Cno, ..., Ci, Co to the ground of the circuit. At
the same time, the control module causes the closure of the first rail on-off switch Sgan and
thereby the connection of the first rail L to the ground of the circuit, enforcing a complete
discharge of the capacitors C,.1, Cya, ..., Ci, Cp in the array A, and also the opening of the second
on-off switches Sun2, ..., Sui, Suo In the array A, the closure of the second on-off switch Spn.1
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.
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The operation of the another version of this apparatus variant consists in that during the
time in which the apparatus is kept in the state of relaxation, the control module CM causes the
connection of the top plate of the sampling capacitor C, and the connection of the top plates of
the capacitors Cy.1, Cu, ..., Ci, Cp in the 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 Cy.1, Chz, ..., Ci, Co 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 Cy.1, Cz, ..., Ci, Co.
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 Day, the opening of the first rail on-off switch Sgai 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 on the outputs L1, Lio, ...,
Ii, Iy, the opening of the first on-off switches Spni, Sinz,..., Sii, Spo and thereby the
disconnection of the top plates of the capacitors C,.1, Gy, ..., C1, Cp in the array A from the first
rail L and also the switching of the change-over switches Sgn-1, Sgn2, -..» Sa1, Sco and thereby the
connection of the bottom plates of the capacitors Cy.i, Chz,..., Ci, Co to the source of auxiliary
voltage Un. At the same time, by means of the control signal provided on the output Aj, 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 zero to all the bits ba_i, baz, ..., bi, by in the 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 Sp,.
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 1,, the opening of the first on-off switch Sy, 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 Sg, and thereby the connection of the bottom
plate of the sampling capacitor C, to the source of auxiliary voltage Uy. At the same time, the
control module CM causes, by means of the control signal provided on the output Dy, the
opening of the second on-off switch Sy, 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 current source change-over switch S; and thereby the connection of the one end of the current
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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 Sy; 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 Cy 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 Cy index
register in the control module CM. Then, the control module CM causes, by means of the control
signal provided on the output L, the closure of the first on-off switch S;x and thereby the
connection of the top plate of the destination capacitor Ci to the first rail L, and also the
concurrent switching of the change-over switch Sgk and thereby the connection of the bottom
plate of the destination capacitor Cy to the ground of the circuit. Next, the control module CM
starts to control the process of redistribution of accumulated charge. This process is terminated
when the capacitor Cy having the lowest capacitance value in the array A stops to act as the
destination capacitor Cy. 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.

The operation of the another version of this apparatus variant consists in that during the
time in which the apparatus is kept in the state of relaxation, the control module CM causes the
connection of the top plate of the sampling capacitor C, and the top plates of the capacitors Cp.1,
Ch2, ..., Ci, Gy 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 Cy.1, Cyz, ..., Ci, Co 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 Cy.1, Coo, ..., Ci, Co.

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 Day, the opening of the first rail on-off switch Sgai 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 on the outputs L., ..., I1, Lo,
the opening of the first on-off switches Spuz,..., Sri, Spo and thereby the disconnection of the top

plates of the capacitors C,., ..., Ci, Cg in the array A from the first rail L and also the switching
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of the change-over switches Sgn-z, ..., Sc1, Sgo and thereby the connection of the bottom plates of
the capacitors Cy.z,..., Ci, Cg to the source of auxiliary voltage Un. 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 1 (Fig. 9). At the same time, the control module CM deactivates the signal
provided on the complete conversion signal output QutR and assigns the initial value zero to all
the bits ba.1, ba, ..., b1, by In the digital word. The electric charge delivered by the use of the
current source I is accumulated in the capacitor C,.; having the highest capacitance 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. 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 Siq and Syai.

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 1,, the opening of the first on-off switch Sy, 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 Sg, and thereby the connection of the bottom
plate of the sampling capacitor C, to the source of auxiliary voltage Uy. At the same time, the
control module CM causes, by means of the control signal provided on the output Dy, the
opening of the second on-off switch Sy, 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 Sy; 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 Cy
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 Cy 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 Cy having the lowest capacitance value in

the array A stops to act as the destination capacitor Cy. After that, the control module CM
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activates the signal provided on the complete conversion signal output OutR, and causes

introducing the apparatus into the relaxation phase again.

The operation of the 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 L1, Lo, ..., L1, Iy, the
closure of the first on-off switches Sia1, Stn2,..., Spi, Spo and thereby the connection of the top
plates of all the capacitors Cp.1, Cia, ..., Ci, Co in the array A to the first rail L and also the
switching of the change-over switches Sgn-1, Sgn2, ---» Sa1, Sgo and thereby the connection of the
bottom plates of the capacitors Cp.i, Caz, ..., Ci, Co to the ground of the circuit. On the other
hand, by means of the control signal provided on the output Dy, the control module CM causes
the closure of the first rail on-off switch Sgai 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,.1, Coo, ...,
Ci, Cp 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 Sy, 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 Dy, ..., D1, Dy, the opening
of the second on-off switches Spno, ..., Smi, Spo. 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 provided on the output Aj, 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 Day, the opening of the first rail on-off switch Sgai 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 on the outputs L., ..., I1, Lo,
the opening of the first on-off switches Spuz,..., Sri, Spo and thereby the disconnection of the top
plates of the capacitors C,., ..., Ci, Cy in the array A from the first rail L and also the switching
of the change-over switches Sgn-z, ..., Sc1, Sgo and thereby the connection of the bottom plates of
the capacitors Cy.z,..., Ci, Cg to the source of auxiliary voltage Un. 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 1. At the same time, the control module CM deactivates the signal provided on the
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complete conversion signal output OutR and assigns the initial value zero to all the bits by.1, baa,
.» b1, 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 capacitance value in the
array A where the index of the charge collecting capacitor C; is defined by the content of the
destination capacitor Cy index register in the control module CM by writing the value of the
index of the capacitor C,.; to the destination capacitor Cy index register (Fig. 12). The electric
charge delivered by the use of the current source I is accumulated 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 Sp,.1. Accumulation of
charge in the capacitor Cy causes a progressive increase of the voltage Uy on that capacitor. The
voltage Uy is compared to the reference voltage Up of a fixed value by the second comparator
K2. When the voltage Uy on the capacitor Cy, 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 L, the opening of the first on-off switch Sy
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 Sgx and thereby the connection of
the bottom plate of the capacitor C, to the source of auxiliary voltage Un. Next, by reduction of
the content of the destination capacitor Cy 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 capacitance 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 I, the closure of the first on-off switch Siy
and thereby the connection 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 Sgx 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 | through the first rail L and through the closed first on-off switch S (Fig. 13). Each time
the voltage Uy increasing on the capacitor C, reaches the reference voltage Ur 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 subsequent 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.
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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 I. 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 Si, 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
Scx and thereby the connection of the bottom plate of the capacitor C, to the source of auxiliary
voltage Up. 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 Sy, 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 Cy index register 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 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 Sy; 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 Cy 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 Cy 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 Ii, the closure of the first on-off switch S;x and thereby
the connection of the top plate of the destination capacitor Cy to the first rail L, and also the
concurrent switching of the change-over switch Sgk and thereby the connection of the bottom
plate of the destination capacitor Cy to the ground of the circuit. Next, the control module CM
causes, by means of the control signal provided on the output Ay, 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 Cy (Fig. 14) while the voltage U; on the source capacitor C; progressively
decreases whereas at the same time the voltage Uy on the destination capacitor Cy progressively

increases during the charge transfer.

In case when the voltage Uy on the current destination capacitor Cy 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 by in the digital word, and the
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control module CM causes, by means of the control signal provided on the output I, the opening
of the first on-off switch S;i and thereby the disconnection of the top plate of the destination
capacitor Cy from the first rail L, and also the concurrent switching of the change-over switch
Sck and thereby the connection of the bottom plate of the destination capacitor Cy to the source
of auxiliary voltage Un. Afterwards, by reduction of the content of the destination capacitor Ci
index register by one, the control module CM assigns the function of the destination capacitor Cy
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 I, the
closure of the first on-off switch S;i and thereby the connection of the top plate of a new
destination capacitor Cy to the first rail L, and also the concurrent switching of the change-over
switch Sck and thereby the connection of the bottom plate of the destination capacitor Cy 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 Sg; 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 li, the opening of the first on-off switch Spi and thereby the
disconnection of the top plate of the destination capacitor Cy from the first rail L, and also the
concurrent switching of the change-over switch Sgk and thereby the connection of the bottom
plate of the destination capacitor Ci to the source of auxiliary voltage Un. Next, 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 Cy 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 Ci, 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 Sy; 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 Cy index register by one, the control module
CM assigns the function of the destination capacitor Ci, whose index is defined by the content of

the destination capacitor Cy 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 Sy and thereby the connection of the top



WO 2011/152744 PCT/PL2011/050021
34

plate of a new destination capacitor Cy to the first rail L, and also the concurrent switching of the
change-over switch Sgk and thereby the connection of the bottom plate of the new destination

capacitor Cy to the ground of the circuit.

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 assignment of the function of the destination
capacitor Cy 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 Cy, and at the same time the assignment of the function of
the destination capacitor Cy 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 Cy having the lowest
capacitance value in the array A stops to act as the destination capacitor Cy. 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 Co. When the active state appears
on the output of the second comparator K2, the control module CM assigns the value one to the
bit by.

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 1 during the
converted time interval, and after assigning the corresponding values to the bits ba.i, baa, ..., b1,
by in the output digital word, the control module CM activates the signal provided on the
complete conversion signal output OutR and causes introduction of the apparatus into the
relaxation phase by switching off the additional current source J, also the closure of the first on-

off switches Sini, Sta2, .., Sui, Spo and thereby the connection of the top plates of all the

capacitors Cp.1, Cya, ..., Ci, Co in the array A to the first rail L, and also the concurrent switching
of the change-over switches Sgn.1, Sgn2, ---» SG1, Sgo to positions connecting the bottom plates of
all the capacitors Cp.1, Cy, ..., Ci, Co to the ground of the circuit. At the same time, the control
module causes the closure of the first rail on-off switch Sgay and thereby the connection of the
first rail L to the ground of the circuit, enforcing a complete discharge of the capacitors Cy.1, Gy,

()in

5

..., Ci1, Cp 1n the array A and also the opening of the second on-off switches Spno, .., Sui,

the array A, the closure of the second on-off switch Sy, and thereby the connection of the
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second rail H to the first rail L and to the ground of the circuit (Fig. 11), which prevents the

occurrence of a random potential on the second rail H.

The operation of the another version of this apparatus variant consists in that during the
time in which the apparatus is kept in the state of relaxation, the control module CM causes the
connection of the top plate of the sampling capacitor C, and the connection of the top plates of
the capacitors Cy.1, Cu, ..., Ci, Cp in the 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 Cy.1, Chz, ..., Ci, Co 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 Cp.1, Cnz, .., C1, Co.
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 Sy, 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 Dy.i, Dy, ..., D1, Dy, the opening of the
second on-off switches Spn-1, Stn2, ---» SHi, Suo and thereby the disconnection of the top plates of

the capacitors Cy.1, Caa, ..., Ci, Cp 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 Day, the opening of the first rail on-off switch Sgai 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 on the outputs L1, Lio, ...,
Ii, Iy, the opening of the first on-off switches Spni, Sinz,..., Sii, Spo and thereby the
disconnection of the top plates of the capacitors C,.1, Gy, ..., C1, Cp in the array A from the first
rail L and also the switching of the change-over switches Sgn-1, Sgn2, -..» Sa1, Sco and thereby the
connection of the bottom plates of the capacitors Cy.i, Chz,..., Ci, Co to the source of auxiliary
voltage Un. At the same time, by means of the control signal provided on the output Aj, the
control module CM causes the switching on the current source I (Fig. 16). 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 ba_i, baz, ..., bi, by in the 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 Sp,.
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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 I. 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
Scn and thereby the connection of the bottom plate of the sampling capacitor C, to the source of
auxiliary voltage Uy (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 Cy to the capacitor
C,.1 having the highest capacitance value in the array A by writing the value of the index of the
capacitor C,.; to the destination capacitor Cy index register in the control module CM. Then, the
control module CM causes, by means of the control signal provided on the output Iy, the closure
of the first on-off switch S;ix and thereby the connection of the top plate of the destination
capacitor Cy to the first rail L, and also the concurrent switching of the change-over switch Sgi
and thereby the connection of the bottom plate of the destination capacitor Cy to the ground of
the circuit. Next, the control module CM causes, by means of the control signal provided on the
output Ay, 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 Cy having the lowest capacitance value in the array A stops to act as the destination
capacitor Cy. 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.

The operation of the another version of this apparatus variant consists in that during the
time in which the apparatus is kept in the state of relaxation, the control module CM causes the
connection of the top plate of the sampling capacitor C, and the connection of the top plates of
the capacitors Cy.1, Cu, ..., Ci, Cp in the 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 Cy.1, Chz, ..., Ci, Co 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 Cp.1, Cnz, .., C1, Co.
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 Sy, 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
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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 Dy.i, Dy, ..., D1, Dy, the opening of the
second on-off switches Spn-1, Stn2, ---» SHi, Suo and thereby the disconnection of the top plates of

the capacitors Cy.1, Caa, ..., Ci, Cp 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 Day, the opening of the first rail on-off switch Sgai 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 on the outputs Ly1, Lio, ...,
Ii, Iy, the opening of the first on-off switches Spni, Sinz,..., Sii, Spo and thereby the
disconnection of the top plates of the capacitors C,.1, Gy, ..., C1, Cp in the array A from the first
rail L and also the switching of the change-over switches Sgn-1, Sgn2, -..» Sa1, Sco and thereby the
connection of the bottom plates of the capacitors Cy.i, Chz,..., Ci, Co to the source of auxiliary
voltage Un. At the same time, by means of the control signal provided on the output Aj, the
control module CM causes the switching on the current source 1 (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 by.i, baa, ..., b1, b in the digital word. The
electric charge delivered by the use of the current source I is accumulated in the capacitor G,
having the highest capacitance 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. 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 Sy, and Spa.1. 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
Aj, 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 I,, the opening of the first on-off switch Si,
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 Uy (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 Ci to the capacitor C,; having the highest
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capacitance value in the array A by writing the value of the index of the capacitor C,.; to the
destination capacitor Cy index register in the control module CM. Next, the control module CM
causes, by means of the control signal provided on the output Ay, 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 Cy having the lowest
capacitance value in the array A stops to act as the destination capacitor Cy. 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.

Abbreviations
A array of capacitors
CM control module
K1 first comparator
K2 second comparator
I current source
J additional current source
UL source of the reference voltage
Un source of auxiliary voltage
Upbp voltage supply
InT time interval signal input
Inl first control input of the control module
In2 second control input of the control module
B digital output of the control module
E set of control outputs of the control module
OutR complete conversion signal output
L first rail
H second rail

Cui, Cog, ..., Ci, Gy capacitors in the array of capacitors

Ca sampling capacitor

Cx charge collecting capacitor
G source capacitor

Ck destination capacitor

Uni, Ung, ..., Ui, Uy voltages on the capacitors in the array of capacitors

U, voltage on the sampling capacitor
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Uy voltage on the charge collecting capacitor
U; voltage on the source capacitor
Uk voltage on the destination capacitor
bu-1, buz, ..., by, ..., b1, bo bits in the digital word

Stn Sincty Sings cees STxs .oos S11, S0 first on-off switches

SHus SHols SH2s --vp SHxs - - -» SHI, SHo Second on-off switches

S6ns Scn1, SGn2s -.es SGxs -5 SG1, Sco change-over switches

Scal first rail on-off switch

S current source change-over switch

Ay, Aj, As control outputs of the control module

Lo, Loty Loy ooy Iy oo 10, o control outputs of the control module

Dy, Dy, Dusg, ..., Dy, ..., D1, Do, Dgan control outputs of the control module
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Claims

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 during the time interval by the use of current source (I) and is accumulated in an array
(A) of capacitors (Cy.1, Caz, ..., Ci1, Cp) 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,.1) 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,.i1), which
increases on the capacitor (C,.1) and is simultaneously observed by the use of the second
comparator (K2), equals the reference voltage (Up) 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 (Up) 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 (Cy)
in the array (A) of capacitors by writing the value of the index of the capacitor (Cy) to the source
capacitor (C;) index register where the capacitor (Cy) is the last capacitor in which charge was
accumulated, and the function of the destination capacitor (Cx) whose index is defined by the
content of the destination capacitor (Cy) index register in the control module (CM) is assigned by
means of the control module (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
destination capacitor (Cy) index register, and then, the electric charge accumulated in the source
capacitor (C;) is transferred to the destination capacitor (Cy) by the use of the current source (I)
and at the same time the voltage (Uy) increasing on the destination capacitor (Cy) is compared to

the reference voltage (Uy) 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
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destination capacitor (Cy) 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 (Cy) 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 (Cy) 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 capacitor directly before by
reducing the content of the destination capacitor (Cy) index register by one, and charge transfer
from a new source capacitor (C;) to a new destination capacitor (Cy) is continued by the use of
the current source (I), and when the voltage (Uyx) on the destination capacitor (Cy) observed by
the use of the second comparator (K2) equals the reference voltage (Ur) value during the transfer
of charge from the source capacitor (C;) to the destination capacitor (Cy), the function of the
destination capacitor (Cy) 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
destination capacitor directly before by reducing the content of the destination capacitor (Cy)
index register by one, and also the charge transfer from the source capacitor (Cj) to a new
destination capacitor (Cy) 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 (Cy) is assigned
to the capacitor (Cy) having the lowest capacitance value in the array (A) of capacitors, or the
voltage (Up) increasing on the capacitor (Co) and observed at the same time by the use of the
second comparator (K2) equals the reference voltage (Ur) value while the value one is assigned
to these bits (bn.1, baz, ..., b1, bo) in the digital word corresponding to the capacitors (C,.1, Ca, ...,
Ci, Cy) in the array (A) of capacitors on which the voltage equal to the reference voltage (Up)
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 characterized in that electric charge is delivered
by the use of the current source (I) and is accumulated in the sampling capacitor (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 capacitor (C,) to the

source capacitor (C;) index register, and also the function of the destination capacitor (Cy) whose
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index 1s defined by the content of the destination capacitor (Cy) 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 (Cy1) to the destination capacitor (Ci) index register, and after that, the process of
electric charge transfer from the source capacitor (C;) to the destination capacitor (Cy) 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 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
(Cy) 1s assigned to the capacitor (Cy) having the lowest capacitance value in the array (A) of
capacitors, or the voltage (Ug), which increases on the capacitor (Cy) and is simultaneously
observed by the use of the second comparator (K2), equals the reference voltage (Uy) value.

3. Method for conversion as claimed in claim 1 characterized in that clectric 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,.1) 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,.1) 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 (Cy,1), 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 (Cyx), whose index is defined by the content of the destination capacitor (Cy)
index register in the control module (CM), is assigned by means of the control module (CM) to
the capacitor (C,.1) in the 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 (Cy) index register, and
after that, the process of the electric charge transfer from the source capacitor (C;) to the
destination capacitor (Cy) is realized by the use of the current source (I) 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 capacitor (Cy) is assigned to the capacitor (Cy) having the lowest capacitance
value in the array (A) of capacitors, or the voltage (Up), which increases on the capacitor (Cp)
and is simultancously observed by the use of the second comparator (K2), equals the reference

voltage (Uyp) value.
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4. Method for conversion as claimed in claim 1 characterized 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 capacitor (C;) index register and to the destination capacitor (Cy)

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 (Ci) by the use of the additional current source (J), whose effectiveness is different
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 comparator (K1) equals zero during the period in which the function of the
destination capacitor (Cy) is assigned to the capacitor (Cp) having the lowest capacitance value in
the array (A) of capacitors, or the voltage (Uy), which increases on the capacitor (Cy) and is
simultaneously observed by the use of the second comparator (K2), equals the reference voltage
(Up) value.

5. Method for conversion as claimed in claim 1 characterized in that clectric charge is delivered
by the use of the current source (I) and is accumulated in the sampling capacitor (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 capacitor (C,) to the
source capacitor (C;) index register, and also the function of the destination capacitor (Cy), whose
index 1s defined by the content of the destination capacitor (Cy) index register in the control

module (CM), is assigned by means of the control module (CM) to the capacitor (C,.1) having

the highest capacitance value in the array (A) of capacitors by writing the value of the index of
the capacitor (C,.1) to the destination capacitor (Cy) 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 (Cx) by the use of the additional current
source (J), whose effectiveness is different 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 comparator (K1) equals zero during the period in
which the function of the destination capacitor (Cy) is assigned to the capacitor (Cy) having the

lowest capacitance value in the array (A) of capacitors, or the voltage (Up), which increases on
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the capacitor (Cop) and is simultaneously observed by the use of the second comparator (K2),
equals the reference voltage (Uyp) value.

6. Method for conversion as claimed in claim 1 characterized in that clectric 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 parallel to the capacitor (C,.1) 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,.1) 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 (Cy) whose index is defined by the content of the destination capacitor (Cy)
index register in the control module (CM) is assigned by means of the control module (CM) to
the capacitor (C,.1) in the 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 (Cy) 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 (Cy) by the use of
the additional current source (J), whose effectiveness is different 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 comparator (K1) equals
zero during the period in which the function of the destination capacitor (Cy) is assigned to the
capacitor (Cy) having the lowest capacitance value in the array (A) of capacitors, or the voltage
(Up), which increases on the capacitor (Cp) and is simultaneously observed by the use of the
second comparator (K2), equals the reference voltage (Uy) value.

7. Apparatus for conversion of time interval to digital word containing the control module
equipped with the digital output 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 interval signal input (InT) and two control inputs (Inl)
and (In2) where the first control input (Inl) 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
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comparator (K2) whose inputs are connected to other pair of outputs of the array (A), and
furthermore, the voltage supply (Upp), the source of auxiliary voltage (Un) together with the
source of the reference voltage (Up) and the controlled current source (I) are connected to the
array (A) of capacitors, and the control input of the controlled current source (I) 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 (Cp.i, Cuz, ..., Ci, 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,.1) having the highest capacitance value in the array (A) of capacitors is
connected through the closed first on-off switch (Sis.1) to the first rail (L) with which the top
plates of the other capacitors (C,z, ..., Ci, Cp) in the array (A) of capacitors are connected
through the open first on-off switches (S, ..., Sti, Sio), while the top plate of the capacitor
(Cya1) 1s also connected through the closed second on-off switch (Sua.1) to the second rail (H)
with which the top plates of the other capacitors (Cyz, ..., Ci, Co) of the array (A) are connected
through the open second on-off switches (Sun2, ..., Sui, Smo), and the bottom plate of the
capacitor (C,.1) 1s connected to the ground of the circuit through the change-over switch (Sgn.1)
whose moving contact is connected to its first stationary contact and the other stationary contact
of the change-over switch (Sga-1) 1 connected to the source of auxiliary voltage (Uy) and also to
the non-inverting input of the first comparator (K1), while the bottom plates of the other
capacitors (Cno, ..., C1, Cp) of the array (A) are connected to the source of auxiliary voltage (Ug)
through the change-over switches (Sgn2, ..., Sgi1, Sgo) whose moving contacts are connected to
their other stationary contacts, and the first stationary contacts of the change-over switches
(Sgn2, ---» Sg1, 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 (Sgai) and to the
non-inverting input of the second comparator (K2) whose inverting input is connected to the
source of the reference voltage (Uyp), 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 (Spa.1,
Sta2, .-, SL1, S10) and the control inputs of the change-over switches (Sga-1, SGn2, ---» SG1, Sco) Of
the array (A) are coupled together and connected to the relevant control outputs (Ly1, Lua, ..., L1,
Ip) of the set of control outputs (E) of the control module (CM), while the control inputs of the

second on-off switches (Sun-1, Stn2, ..., Sui, Suo) and the control input of the first rail on-off

switch (Scan) are connected to the relevant control outputs (Dy.1, Dy, ..., D1, Dp) and (Dan) 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
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current source change-over switch (Sy) 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 (I) is connected to the control output (Ar) of the control module (CM), and the
control input of the current source change-over switch (Sy) is connected to the control output
(Ay) 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 (S1,) and also it is connected
to the second rail (H) through the open second on-off switch (Sun), whereas the bottom plate of
the sampling capacitor (C,) is connected to the ground of the circuit through the change-over
switch (Sgn) whose moving contact is connected to its first stationary contact, and the other
stationary contact of the change-over switch (Sgn) 18 connected to the source of auxiliary voltage
(Un), and the control input of the first on-off switch (S1,) and the control input of the change-
over switch (Sgn) 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 (Sua) 1s connected to the
control output (D,) of the control module (CM), and also the top plate of the capacitor (Cy.1)
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 (Spn.1) and to the second rail (H) through the closed
second on-off switch (Sua.1), while the bottom plate of the capacitor (C,.1) is connected to the
source of auxiliary voltage (Uy) through the change-over switch (Sga.1) whose moving contact is
connected to its other stationary contact, whereas the first stationary contact of the change-over
switch (Sga.1) 1s 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
(Cy) 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 (Si.), and on the other hand,
the bottom plate of the sampling capacitor (C,) 1s connected to the ground of the circuit through
the change-over switch (Sgn) whose moving contact is connected to its first stationary contact,
and the other stationary contact of the change-over switch (Sgn) i1s connected to the source of
auxiliary voltage (Un), and moreover, the top plate of the sampling capacitor (C,) is connected
also to the second rail (H) through the open second on-off switch (Sua), whereas the control input

of the first on-off switch (Si.) and the control input of the change-over switch (Sgn) are coupled
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together and connected to the control output (I,) of the control module (CM), and the control
input of the second on-off switch (Sua) i 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 (Ay) 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 (Cy.1, Cu, ..., C1, 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 (Siai1) to the first rail (L) with
which the top plates of the other capacitors (Cu, ..., Ci, Cp) in the array (A) of capacitors are
connected through the open first on-off switches (Sinz, ..., Sui, Sio), while the top plate of the
capacitor (C,.1) is also connected through the closed second on-off switch (Suas.1) to the second
rail (H) with which the top plates of the other capacitors (Cyz, ..., Ci, Cp) of the array (A) are
connected through the open second on-off switches (Sun-2, ..., SHi, Suo), and the bottom plate of
the capacitor (C,.1) 1s connected to the ground of the circuit through the change-over switch
(Sga-1) whose moving contact is connected to its first stationary contact and the other stationary
contact of the change-over switch (Sga.1) 1S connected to the source of auxiliary voltage (Un) and
also to the non-inverting input of the first comparator (K1), while the bottom plates of the other
capacitors (Cno, ..., C1, Cp) of the array (A) are connected to the source of auxiliary voltage (Ug)
through the change-over switches (Sgn2, ..., Sgi1, Sgo) whose moving contacts are connected to
their other stationary contacts, and the first stationary contacts of the change-over switches
(Sgn2, ---» Sgi1, 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 (Sgai) and to the
non-inverting input of the second comparator (K2) whose inverting input is connected to the
source of the reference voltage (Uyp), 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 (Spa.1,
Sta2, .-, SL1, S10) and the control inputs of the change-over switches (Sga-1, SGn2, ---» SG1, Sco) Of
the array (A) are coupled together and connected to the relevant control outputs (Ly.1, Lo, ..., L1,

Ip) of the set of control outputs (E) of the control module (CM), while the control inputs of the

second on-off switches (Sun-1, Stn2, ..., Sui, Suo) and the control input of the first rail on-off
switch (Scan) are connected to the relevant control outputs (Dy.1, Dy, ..., D1, Dp) and (Dan) of the

set of control outputs (E) of the control module (CM), while one end of the current source (I) is
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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 additional current source (J) is connected to the second rail (H), and the
control input of the current source (I) is connected to the control output (Ar) of the control
module (CM) while the control input of the additional current source (J) is connected to the
control output (Ay) 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;1,) and also it is connected
to the second rail (H) through the closed second on-off switch (Sun), whereas the bottom plate of
the sampling capacitor (C,) is connected to the ground of the circuit through the change-over
switch (Sgn) whose moving contact is connected to its first stationary contact, and the other
stationary contact of the change-over switch (Sgn) 18 connected to the source of auxiliary voltage
(Un), and the control input of the first on-off switch (S1,) and the control input of the change-
over switch (Sgn) 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 (Sua) 1s connected to the
control output (D,) of the control module (CM), and also the top plate of the capacitor (Cy.1)
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 (Spa.1) and to the second rail (H) through the open
second on-off switch (Sua.1), while the bottom plate of the capacitor (C,.1) is connected to the
source of auxiliary voltage (Uy) through the change-over switch (Sga.1) whose moving contact is
connected to its other stationary contact, whereas the first stationary contact of the change-over
switch (Sga.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 capacitors where the capacitance value of the sampling capacitor
(Cy) 1s 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 (Si.), and on the other hand,
the bottom plate of the sampling capacitor (C,) 1s connected to the ground of the circuit through
the change-over switch (Sgn) whose moving contact is connected to its first stationary contact,
and the other stationary contact of the change-over switch (Sgn) i1s connected to the source of
auxiliary voltage (Un), and moreover, the top plate of the sampling capacitor (C,) is connected

also to the second rail (H) through the closed-second on-off switch (Sua), whereas the control
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input of the first on-off switch (Sp.) and the control input of the change-over switch (Sga) 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 (Sps) is connected to the control output (D,) of the
control module (CM) while the top plate of the capacitor (C,.1) 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 (Srai1) and also to the second rail (H) through the open second on-off switch (Sgn.1),
whereas the bottom plate of the capacitor (C,.1) is connected to the ground of the circuit through
the change-over switch (Sga.1) whose moving contact is connected to its other stationary contact,
whereas the first stationary contact of the change-over switch (Sga.1) 1s connected to the source

of auxiliary voltage (Un).
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