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(57) 	 ABSTRACT 

Method and apparatus for mapping the converted voltage 
value by electric charge value proportional to the converted 
voltage value and in accumulation of charge in the sampling 
capacitor until the voltage on this capacitor is equal to the 
converted voltage. Furthermore, realization of the process of 
that electric charge redistribution in the array of redistribution 
by changes of states of signals from relevant control outputs 
and in assignment of relevant values to bits in the digital word 
by means of the control module. As soon as accumulation of 
electric charge in the sampling capacitor is terminated, elec-
tric charge is accumulated in the additional sampling capaci-
tor then the process of that electric charge redistribution is 
realized and relevant values are assigned to bits of the digital 
word. When a trigger signal is detected, next cycle begins and 
electric charge is accumulated in the sampling capacitor. 
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METHOD AND APPARATUS FOR 
CLOCKLESS CONVERSION OF VOLTAGE 

VALUE TO DIGITAL WORD 

[0001] The subject of this invention is a method and an 
apparatus for clockless conversion of a voltage value to a 
digital word that can be applied in monitoring and control 
systems. 
[0002] The method for the anachronous conversion of a 
voltage value to a digital word known from the Polish patent 
application P-392924 (PCT/PL2011/050022, published as 
WO 2011/152745) consists in mapping a converted voltage 
value to a portion of electric charge proportional to this con-
verted voltage value. A given portion of charge is delivered by 
the use of the current source and is accumulated in the sam-
pling capacitor. Accumulation of electric charge is realized 
until the voltage increasing on the sampling capacitor is equal 
to the converted voltage value. Then, the accumulated electric 
charge is submitted to the process of redistribution by deploy-
ing the charge in the array of capacitors while a capacitance 
value of each capacitor of a given index is twice as high as a 
capacitance value of a capacitor of the previous index. During 
the process of redistribution, the accumulated electric charge 
is deployed in the capacitors in the array in a way that the 
obtained voltage equals zero or equals the reference voltage 
on each capacitor or on each capacitor with the possible 
exception of one of capacitors. The course of the process of 
redistribution is controlled by means of the control module on 
the basis of output signals of the first comparator and of the 
second comparator. Electric charge is delivered during the 
process of its accumulation by the use of the first current 
source and is transferred between capacitors during the pro-
cess of its redistribution by the use of the second current 
source. By means of the control module, the value one is 
assigned to these bits in the digital word that correspond to 
capacitors on which the voltage equal to the reference voltage 
value has been obtained and the value zero is assigned to the 
other bits in the digital word. 
[0003] In one of variants of this solution, electric charge is 
accumulated simultaneously in the sampling capacitor and in 
the capacitor of the highest capacitance value in the array of 
capacitors which is connected to the sampling capacitor in 
parallel. 
[0004] The apparatus for conversion of a voltage value to a 
digital word is also known from description of Polish patent 
application P-392924. This apparatus comprises the array of 
capacitors whose control inputs are connected to the set of the 
control outputs of the control module. The control module is 
equipped with the digital output, the complete conversion 
signal output, the trigger input and two control inputs. The 
first control input of the control module is connected to the 
output of the first comparator whose inputs are connected to 
one pair of outputs of the array of capacitors. The other 
control input of the control module is connected to the output 
of the second comparator whose inputs are connected to the 
other pair of outputs of the array. Furthermore, the source of 
converted voltage value, the source of supply voltage, the 
source of auxiliary voltage, the source of the reference volt-
age, the sampling capacitor and two controlled current 
sources are connected to the array of capacitors while the 
control inputs of both controlled current sources are con-
nected appropriately to the control outputs of the control 
module. The array of capacitors comprises on-off switches, 
change-over switches and the array of capacitors whose num-
ber equals the number of bits in the digital word and a capaci- 

tance value of a capacitor of a given index is twice as high as 
a capacitance value of a capacitor of the previous index. The 
top plate of the sampling capacitor and the top plate of each 
capacitor in the array of capacitors are connected through the 
first on-off switch to the first rail and/or through the second 
on-off switch to the second rail and the bottom plate is con-
nected through a change-over switch to ground of the circuit 
or to the source of auxiliary voltage. The first rail is connected 
to ground of the circuit through the first rail on-off switch and 
to the non-inverting input of the second comparator whose 
inverting input is connected to the source of converted voltage 
or to the source of the reference voltage through the voltage 
change-over switch. The second rail is connected to the 
inverting input of the first comparator whose non-inverting 
input is connected to the source of auxiliary voltage. The 
control inputs of the first on-off switches and the control 
inputs of the change-over switches in the array of capacitors 
are coupled together and connected appropriately to the con-
trol outputs of the control module while the control inputs of 
the second on-off switches and the control input of the first 
rail are connected appropriately to the control outputs of the 
control module. The control input of the voltage change-over 
switch is connected to the control output of the control mod-
ule. The first end of the first current source is connected to the 
source of supply voltage and the other end of the first current 
source is connected to the first rail. The other end of the 
second current source is also connected to the first rail. The 
first end of the second current source is connected to the 
second rail. 

[0005] In one of variants of the abovementioned apparatus, 
the sampling capacitor whose capacitance value is not smaller 
than the capacitance value of the capacitor having the highest 
capacitance value in the array of capacitors is connected in 
parallel to the capacitor of the highest capacitance value in the 
array of capacitors. The conversion of the voltage value to the 
digital word is realized by changing states of signals from the 
relevant control outputs by means of the control module. 
[0006] According to the invention, the method for clockless 
conversion of a voltage value to a digital word consists in that 
a trigger signal is detected by the use of the control module 
and a converted voltage value is mapped by a portion of 
electric charge which is proportional to the converted voltage 
value. Electric charge is delivered by the use of the current 
source and is accumulated in the sampling capacitor, or in the 
sampling capacitor and in the capacitor of the highest capaci-
tance value in the array of redistribution, which is connected 
to the sampling capacitor in parallel, until the voltage increas-
ing on the sampling capacitor observed at the same time by 
the use of the comparator is equal to the converted voltage. 
Then, the process of redistribution of the accumulated electric 
charge is realized in the array of redistribution in a known way 
by changing states of signals from the relevant control outputs 
by the use of the control module and the relevant values are 
assigned to bits in the digital word by means of the control 
module. The array of redistribution comprises the set of on-
off switches, of change-over switches and of capacitors while 
a capacitance value of each capacitor of a given index is twice 
as high as a capacitance value of a capacitor of the previous 
index. 
[0007] The essence of the method, according to the inven-
tion, consists in that as soon as accumulation of electric 
charge is terminated in the sampling capacitor, or in the 
sampling capacitor and in the capacitor of the highest capaci-
tance value in the array of redistribution, which is connected 
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to the sampling capacitor in parallel and as soon as the trigger 
signal is detected by means of the control module, electric 
charge is delivered by the use of current source and accumu-
lated in the additional sampling capacitor. Next the process of 
redistribution of electric charge accumulated in the additional 
sampling capacitor is realized and the relevant values are 
assigned to bits in the digital word by means of the control 
module. The accumulation of electric charge in the additional 
sampling capacitor, the process of redistribution of electric 
charge accumulated in the additional sampling capacitor and 
assignment of the relevant values to bits in the digital word by 
means of the control module are realized as for the sampling 
capacitor. 
[0008] In this method, it is possible that as soon as the 
accumulation of electric charge is terminated in the additional 
sampling capacitor and as soon as the trigger signal is 
detected by means of the control module, the next cycle 
begins and electric charge is delivered by the use of the 
current source and accumulated again in the additional sam-
pling capacitor or in the sampling capacitor and in the capaci-
tor of the highest capacitance value in the array of redistribu-
tion which is connected to the sampling capacitor in parallel. 
[0009] In this method, it is possible that during a period of 
time when electric charge is delivered by the use of current 
source and accumulated in the additional sampling capacitor, 
a part of the delivered electric charge is simultaneously accu-
mulated in the additional capacitor having the highest capaci-
tance value in the array of redistribution which is connected to 
the additional sampling capacitor in parallel. A capacitance 
value of the additional capacitor having the highest capaci-
tance value in the array of redistribution equals the capaci-
tance value of the capacitor having the highest capacitance 
value in the array of redistribution. 
[0010] In this method it is also possible that as soon as the 
process of redistribution is terminated, the portion of electric 
charge, accumulated in the last of capacitors on which refer-
ence voltage had not been reached when the process of redis-
tribution was realized, is conserved. This portion of electric 
charge is taken into account when the next process of redis-
tribution is realized. 
[0011] The apparatus, according to the invention, com-
prises the array of redistribution whose control inputs are 
connected to control outputs of the control module. The con-
trol module is equipped with the digital output, the complete 
conversion signal output, the trigger input, the first control 
input which is connected to the output of the first comparator 
and the other control input which is connected to the output of 
the second comparator. The source of auxiliary voltage, the 
section of the sampling capacitor and the second controlled 
current source whose control input is connected to the rel-
evant output controlling the second current source are con-
nected to the array of redistribution. The first end of the 
second current source is connected to the source rail and the 
other end of the second current source is connected to the 
destination rail. The source of supply voltage is connected to 
the first end of the first current source whose control input is 
connected to the output controlling the first current source. 
The array of redistribution comprises the sections whose 
number equals the number of bits in the digital word. The 
section of the sampling capacitor and each section of the array 
of redistribution comprises the source on-off switch, the des-
tination on-off switch, the ground change-over switch and at 
least one capacitor. The top plate of the sampling capacitor 
and the top plate of each capacitor in the array of redistribu- 

tion is connected through the source on-off switch to the 
source rail and/or through the destination on-off switch to the 
destination rail and the bottom plate is connected through the 
ground change-over switch to ground of the circuit or to the 
source of auxiliary voltage. In the array of redistribution, a 
capacitance value of each capacitor of a given index is twice 
as high as a capacitance value of a capacitor of the previous 
index. The destination rail is connected through the on-off 
switch of the destination rail to ground of the circuit and is 
also connected to the non-inverting input of the second com-
parator whose inverting input is connected to the source of the 
reference voltage. The source rail is connected to the inverting 
input of the first comparator whose non-inverting input is 
connected to the source of auxiliary voltage. The control 
inputs of the source on-off switches and the control input of 
the on-off switch of the destination rail are connected appro-
priately to control outputs of the control module. The control 
inputs of destination on-off switches and the control inputs of 
the ground change-over switches are coupled together and 
connected appropriately to the control outputs of the control 
module. 

[0012] A significant innovation of the apparatus is that the 
control module is equipped with the third control input con-
nected to the output of the third comparator whose inverting 
input is connected to the source of converted voltage. The 
non-inverting input of the third comparator is connected to 
the other end of the first current source and to the section of 
the sampling capacitor which comprises the additional sam-
pling capacitor, the top plate change-over switches and the 
bottom plate change-over switches. The top plate of the sam-
pling capacitor and the top plate of the additional sampling 
capacitor are connected to the source on-off switch and to the 
destination on-off switch or to the other end of the first current 
source and to the non-inverting input of the third comparator 
through the top plate change-over switches. The bottom plate 
of the sampling capacitor and the bottom plate of the addi-
tional sampling capacitor are connected to the ground 
change-over switch or to ground of the circuit by the bottom 
plate change-over switches. The control inputs of the top plate 
change-over switches and the control inputs of the bottom 
plate change-over switches are coupled together and con-
nected to the output controlling change-over switches of 
plates. 

[0013] It is advantageous if at least one section of the array 
of redistribution comprises the additional capacitor and the 
top plate change-over switches and the bottom plate change-
over switches. The top plate of the capacitor and the top plates 
of the additional capacitor of such section are connected to the 
source on-off switch and to the destination on-off switch or to 
the other end of the first current source and to the non-invert-
ing input of the third comparator through the top plate 
change-over switches. The bottom plate of the capacitor and 
the bottom plate of the additional capacitor of such section are 
connected to the ground change-over switch or to ground of 
the circuit through the bottom plate change-over switches. 
The control inputs of the top plate change-over switches and 
the control inputs of bottom plate change-over switches are 
coupled together and connected to the output controlling 
change-over switches of plates. 
[0014] It is advantageous if the capacitance values of the 
sampling capacitor and of the additional sampling capacitor 
are not smaller than the capacitance value of the capacitor 
having the highest capacitance value in the array of redistri-
bution. 
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[0015] It is also advantageous if the capacitance value of 
the additional capacitor in the array of redistribution equals 
appropriately the capacitance value of the capacitor in the 
array of redistribution. 

[0016] A use of an additional sampling capacitor enables a 
realization of two successive sampling phases of converted 
voltage without the need to introduce a break to realize the 
process of redistribution of the accumulated charge and the 
relaxation phase between those two phases. The accumula-
tion of a portion of electric charge representing the value of 
the next sample in the additional sampling capacitor is real-
ized simultaneously to the process of redistribution of the 
portion of charge in the sampling capacitor while this portion 
of charge represents the first sample. In this way, the results of 
each conversion are presented with minimal delay equal to 
the time of realization of the process of charge redistribution. 
Moreover, the realization of actions related to the conversions 
of both voltage samples by the same control module, by the 
array of redistribution, by the set of comparators and by the 
set of current sources contributes to a reduction of amount of 
energy consumed per single conversion by the apparatus and 
in this way increases energy efficiency of its operation. 

[0017] A start of a new sampling phase of converted voltage 
after the end of the actual sampling phase enables achieve-
ment of the maximum frequency of collecting and converting 
a sequence of samples by means of a single apparatus. The 
need of breaks between following sampling phases intro-
duced to realize the process of redistribution of the accumu-
lated electric charge and to realize the relaxation phase is 
avoided. 

[0018] A use of an additional capacitor having the highest 
capacitance value in the array of redistribution allows the 
required capacitance value of the sampling capacitor to be 
reduced twice and enables a significant reduction of area 
occupied by a converter produced in a form of the monolithic 
integrated circuit. Due to a parallel connection of the addi-
tional sampling capacitor to the additional capacitor having 
the highest capacitance value in the array of redistribution, the 
maximum voltage value created on the additional sampling 
capacitor having the reduced capacitance value is not 
increased. Furthermore, the time of realization of redistribu-
tion of charge, accumulated in the additional sampling 
capacitor and in the additional capacitor having the highest 
capacitance value in the array of redistribution connected to 
the additional sampling capacitor in parallel, is smaller at 
least by 25%. 

[0019] Due to the fact that the apparatus is equipped with 
the third comparator, it is possible to realize the process of 
redistribution of a portion of electric charge accumulated 
previously and a simultaneous control of the process of accu-
mulation of the next portion of electric charge representing a 
value of next sample. 

[0020] Conserving in the apparatus a small portion of 
charge which has not been taken into consideration in the 
value of a digital word is also an advantage. The inclusion of 
the abovementioned portion of charge during the process of 
redistribution of the subsequent accumulated charge value 
causes that the average value of digital output represents the 
average value of samples with the resolution defined by the 
quantization error. 

[0021] The subject of the invention is explained in the 
exemplary realizations by means of figures where the appa- 

ratus is shown at different phases of conversion process rep-
resented by different states of on-off switches and change-
over switches: 
[0022] FIG. 1 illustrates the schematic diagram of the appa-
ratus in the state of relaxation before the start of conversion. 
[0023] FIG. 2 illustrates the schematic diagram of the appa-
ratus during accumulation of electric charge in the sampling 
capacitor C,. 
[0024] FIG. 3 illustrates the schematic diagram at the 
beginning of redistribution of charge accumulated in the sam-
pling capacitor C,. 
[0025] FIG. 4 illustrates the schematic diagram of the appa-
ratus during the charge transfer from the source capacitor C, 
to the destination capacitor Ck. 

[0026] FIG. 5 illustrates the schematic diagram at the 
beginning of redistribution of charge accumulated in the addi-
tional sampling capacitor C, A  
[0027] FIG. 6 illustrates the schematic diagram ofthe appa-
ratus in the state of relaxation before the start of conversion. 
[0028] FIG. 7 illustrates the schematic diagram during 
accumulation of charge in the sampling capacitor C, and in 
the capacitor C„_ i  which is connected to the sampling capaci-
tor C, in parallel. 
[0029] FIG. 8 illustrates the schematic diagram at the 
beginning of redistribution of charge accumulated in the sam-
pling capacitor C, and in the capacitor C„_ i . 
[0030] FIG. 9 illustrates the schematic diagram at the 
beginning of redistribution of charge accumulated in the addi-
tional sampling capacitor C, A  and in the additional capacitor 

Cn_ lA.  
[0031] According to the invention, the method for clockless 
conversion of a voltage value to a digital word consists in that 
a trigger signal is detected by the use of the control module 
CM and the converted voltage value CIr, is mapped by a 
portion of electric charge which is proportional to the con-
verted voltage value. Electric charge is delivered by the use of 
the first current source I and is accumulated in the sampling 
capacitor C„ until the voltage U, on the sampling capacitor 
observed at the same time by the use of the third comparator 
K3 is equal to the converted voltage UIN. Then, the process of 
redistribution of the accumulated charge is realized in the 
array of redistributionA by means of the control module CM 
by changing the states of the signals from the relevant control 
outputs and the relevant values are assigned to the bits b„_i, 
b„_ 2, .... bl, bo  in digital word by means of the control module 
CM. The array of redistributionA comprises the set of on-off 
switches, of change-over switches and of capacitors while a 
capacitance value of a capacitor of a given index is twice as 
high as a capacitance value of a capacitor of the previous 
index. 
[0032] As soon as accumulation of charge in the sampling 
capacitor C„ is terminated and when the trigger signal is 
detected by means of the control module CM, electric charge 
is delivered by the use of the first current source I and accu-
mulated in the additional sampling capacitor C„A. Next, the 
process of redistribution of charge accumulated in the addi-
tional sampling capacitor C„A  is realized and the relevant 
values are assigned to the bits b„_i, b„_z, .... b1 , bo  in the 
digital word by means of the control module CM. The accu-
mulation of charge in the additional sampling capacitor C„A, 

the process of redistribution of charge accumulated in the 
additional sampling capacitor C„A  and the assignment of rel-
evant values to the bits b, 1, b„_ 2, .... b 1 , bo  in the digital word 
are realized in the same way as for the sampling capacitor C,,. 
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[0033] The another exemplary solution is characterized in 
that as soon as accumulation of electric charge in the addi-
tional sampling capacitor C, A is terminated and when the 
trigger signal is detected by means of the control module CM, 
the next cycle begins and the charge is delivered by the use of 
the first current source I and accumulated in the sampling 
capacitor C, again. 
[0034] The another exemplary solution is characterized in 
that when the charge is delivered by the use of the first current 
source I and accumulated in the additional sampling capacitor 
C, A, the part of delivered charge in this example is accumu-
lated simultaneously in the additional capacitor C„-iA having 
the highest capacitance value in the array of redistribution 
which is connected to the additional sampling capacitor C, A 
in parallel. A capacitance value of the additional capacitor 
C„-,A having the highest capacitance value in the array of 
redistribution is equal to the capacitance value of the capaci-
tor C„-, having the highest capacitance value in the array of 
redistribution. 
[0035] The another exemplary solution is characterized in 
that as soon as the process of redistribution is terminated in 
the last of capacitors on which reference voltage UL had not 
been reached when the process of redistribution is realized, 
the charge accumulated in the last of capacitors is conserved. 
[0036] In detail, the abovementioned process of redistribu-
tion in the exemplary solution is presented as follows. 
[0037] As soon as accumulation of electric charge in the 
sampling capacitor C, is terminated, the function of the 
source capacitor C, whose index is defined by the content of 
the source index register, is assigned by means of the control 
module CM to the sampling capacitor C, by writing the value 
of the index of the sampling capacitor C, to this register. 
Simultaneously, the function of the destination capacitor Ck, 
whose index is defined by the content of the destination index 
register, is assigned by means of the control module CM to the 
capacitor C„-, having the highest capacitance value in the 
array of redistribution by writing the value of the index of the 
capacitor C„-, to this register. Then, the process of redistribu-
tion of the accumulated charge is realized by transfer of the 
charge from the source capacitor C, to the destination capaci-
tor Ck by the use of the second current source J having the 
effectiveness twice as high as effectiveness of the first current 
source I. At the same time, the voltage Uk increasing on the 
destination capacitor Ck is compared to the reference voltage 
UL by the use of the second comparator K2, and also the 
voltage U~ on the source capacitor C, is observed by the use of 
the first comparator K1. 
[0038] 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 Ckby means 
of the control module CM on the basis of the output signal of 
the first comparator K1 by writing the current content of the 
destination index register to the source index register, and the 
function of the destination capacitor Ck is assigned to the 
subsequent capacitor in the array of redistribution A whose 
capacitance value is twice lower than the capacitance value of 
the capacitor that acted as the destination capacitor directly 
before by reducing the content of the destination index reg-
ister by one, and the charge transfer from a new source capaci-
tor C, to a new destination capacitor Ck is continued by the use 
of the second current source J. 
[0039] When the voltage Uk on the destination capacitor Ck 
observed by the use of the second comparator K2 equals the 

reference voltage UL during the transfer of charge from the 
source capacitor C, to the destination capacitor Ck, the func-
tion of the destination capacitor Ck is assigned by means of 
the control module CM on the basis of the output signal of the 
second comparator K2 to the subsequent capacitor in the 
array of redistribution A whose capacitance value is twice 
lower than the capacitance value of the capacitor that acted as 
the destination capacitor directly before by reducing the con-
tent of the destination index register by one, and also the 
charge transfer from the source capacitor C, to a new desti-
nation capacitor Ck is continued. 

[0040] The process of redistribution is still controlled by 
means of the control module CM on the basis of the output 
signals of the first comparator K1 and of the second compara-
tor K2 until the voltage U~ on the source capacitor C, observed 
by the use of the first comparator K1 equals zero during the 
period of time when the function of the destination capacitor 
Ck is assigned to the capacitor Co having the lowest capaci-
tance value in the array of redistribution, or the voltage Uo 
increasing on the capacitor Co having the lowest capacitance 
value in the array of redistribution and observed at the same 
time by the use of the second comparator K2 equals the 
reference voltage UL. The value one is assigned to the bits in 
the digital word corresponding to the capacitors in the array of 
redistribution on which the voltage equal to the reference 
voltage value UL has been obtained, and the value zero is 
assigned to the other bits by means of the control module CM. 

[0041] According to the invention, the apparatus for clock-
less conversion of the voltage value to the digital word com-
prises the array of redistribution A whose control inputs are 
connected to control outputs of the control module CM. The 
control module CM is equipped with the digital output B, the 
complete conversion output OutR, the trigger input InS, the 
first control input Int connected to the output of the first 
comparator K1, the second control input Int connected to the 
output of the second comparator K2 and the third control 
input In3 connected to the output of the third comparator K3. 
The source of auxiliary voltage UH, the section of the sam-
pling capacitor A, and the second controlled current source J 
having the effectiveness twice as high as effectiveness of the 
first current source I are connected to the array of redistribu-
tion A. The control input of the second current source J is 
connected to the output controlling the second current source 
AT  he first end of the second current source J is connected to 
the source rail H and the other end of the second current 
source J is connected to the destination rail L. The source of 
supply voltage UDD is connected to the first end of the first 
current source I whose control input is connected to the output 
controlling the first current source Ar. The array of redistri-
bution comprises the sections whose number n equals the 
number of bits in the digital word. The section of the sampling 
capacitor A, and the sections of the array of redistribution A 
comprises the source on-off switches 5H ; 5H,1' 5H,2. ....  

SH1, SHO the destination on-off switches Si ; 5L, 1' 
5L1' Sio, the ground change-over switches 5G ; SG„-1, 

Scn-2, • • • 5G1' Sco and the capacitors C,,; C, 1, C„-z, ... , C1, 
Co. The top plates of the capacitors C, 1, C„-2, ... , C1, Co of 
the array of redistribution are connected to the source rail H 
throughthe source on-off switches 5H,1' Sx -2..... Sai, Sao 
and to the destination rail L through the destination on-off 
switches Si„-i, Si„-2, ... , 5L1' Sio. Thebottomplates ofthese 
capacitors are connected to ground of the circuit and to the 
source of auxiliary voltage UH through the ground change-
over switches SG„-1, SG, -2..... Simi Sao. In the array of 
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redistribution A, a capacitance value of each capacitor C„_l, 
C„_2, .... C1, Co of a given index is twice as high as a 
capacitance value of a capacitor of the previous index. The 
capacitance value of the sampling capacitor C, is twice as 
high as the capacitance value of the capacitor C„_, having the 
highest capacitance value in the array of redistribution. The 
relevant bit b„_i,b, 2.....b1,b0 inthedigitalwordisassigned 
to each capacitor C„_ i, C-21.. , C1, Co in the array of 
redistribution. The destination rail L is connected through the 
on-off switch of the destination rail SG ,jj to ground of the 
circuit and is also connected to the non-inverting input of the 
second comparator K2 whose inverting input is connected to 
the source of the reference voltage UL. The source rail H is 
connected to the inverting input of the first comparator K1 
whose non-inverting input is connected to the source of aux-
iliary voltage UH. The control inputs of the source on-off 
switches Sx ; Sx -i, Sx -2.. ... Sai, Sao and the control 
inputs of the on-off switch of the destination rail SG,i, are 
connected appropriately to the control outputs D,; D, 1, D, 2, 
... , D1, Do; D,11. The control inputs of the destination on-off 
switches SL,,; SL„i, Si„_2, ... , SL1, SLQ and the control inputs 
of the ground change-over switches SG,,; SG„_1, SG„_2, ... , 
SG1, SGQ are coupled together and connected appropriately to 
the control outputs I,,; I„_ i, I„_2, ... , I i, I. The inverting input 
of the third comparator K3 is connected to the source of 
converted voltage U. The non-inverting input of the third 
comparator K3 is connected to the other end of the first 
current source I and to the section of the sampling capacitor 
A,which comprises the additional sampling A capacitor C„A, 
the top plate change-over switches ST, ST,,A the bottom plate 
change-over switches SB,,, SB„A. The capacitance value of the 
additional sampling capacitor C„A is equal to the capacitance 
value of the sampling capacitor C,,. The top plate of the 
sampling capacitor C„ and the top plate of the additional 
sampling capacitor C„A are connected to the source on-off 
switch SH , to the destination on-off switch SL,,, to the to the 
other end of the first current source I and to the non-inverting 
input of the third comparator K3 through the top plate change-
over switches ST,, ST,,A . The bottom plates of the sampling 
capacitor C„ and the bottom plates of the additional sampling 
capacitor C„A are connected to the ground change-over switch 
SG, and to ground of the circuit through the bottom plate 
change-over switches SB,,, SB„A. The control inputs of the top 
plate change-over switches ST,, ST,,A and the control inputs of 
the bottom plate change-over switches SB,,, SBA are coupled 
together and connected to the output controlling the change-
over switches of plates A. The source on-off switch SH is 
connected to the source rail H, the destination on-off switch 
SL, is connected to the destination rail L and the ground 
change-over switch SG, is connected to ground of the circuit 
and to the source of auxiliary voltage UH. 

[0042] In the another exemplary solution, the section of the 
capacitor C„_1 having the highest capacitance value in the 
array of redistribution comprises the additional capacitor 
C„_ lA having the highest capacitance value in the array of 
redistribution, the top plate change-over switches ST,l, Ste,_ 

A and the bottom plate change-over switches SB„_1, SB„_lA. 
The capacitance value of the additional capacitor C„_ lA hav-
ing the highest capacitance value in the array ofredistribution 
is equal to the capacitance value of the capacitor C„_1 having 
the highest capacitance value in the array of redistribution. 
The top plates of the capacitor C„_ 1 having the highest capaci-
tance value in the array of redistribution and the top plates of 
the additional capacitor C„_lA having the highest capacitance 

value in the array of redistribution are connected to the source 
on-off switch SH _1, to the destination on-off switch SL„_1, to 
the other end of the first current source I and to the non-
inverting input of the third comparator K3 through the top 
plate change-over switches ST,i, ST, lA. The bottom plates 
of the capacitor C„_1 having the highest capacitance value in 
the array of redistribution and the top plates of the additional 
capacitor C„_ lA having the highest capacitance value in the 
array of redistribution are connected to the ground change-
over switch SG„_ i and to ground of the circuit through the 
bottom plate change-over switches SB„_ i SB„_ lA. The control 
inputs of the top plate change-over switches ST, i, ST, lA and 
the control inputs of the bottom plate change-over switches 
SB„-i, SB„-iA are coupled together and connected to the output 
controlling the change-over switches of plates A. 

[0043] The method for conversion of a voltage value to the 
digital word, according to the invention, is presented in the 
first exemplary apparatus as follows. Before the first process 
of conversion of a voltage value to the digital word having the 
number of bits equal to n, the control module CM introduces 
the complete conversion output OutR to the inactive state. 
The control module CM by the use of the signal from the 
output controlling the first current source A. causes the 
switching off the first current source I and by the use of the 
signal from the output controlling the second current source 
A~ causes the switching off the first current source J. By the 
use of the signal from the output controlling the change-over 
switches of plates Ac, the control module CM causes the 
switching of the top plate change-over switches ST„ ST,,A and 
of the bottom plate change-over switches SB,,, and SB„A and 
the connection of the top plate of the sampling capacitor C„ to 
the source on-off switch SH and to the destination on-off 
switch SL,,, the connection of the top plate of the additional 
sampling capacitor C„A to the other end of the first current 
source I and to the non-inverting input of the third comparator 
K3, the connection of the bottom plate of the sampling 
capacitor C„ to the ground change-over switch SG, and the 
connection of the bottom plate of the additional sampling 
capacitor C„A to ground of the circuit. Next the control mod-
ule CM introduces the apparatus into the relaxation state 
shown in FIG. 1. Therefore, the control module CM causes 
the opening of the source on-off switches Sx -,, Sx -2.... . 
Sav Sao by the use of the signals from the control outputs 
D, 1, D„_z, .... D1, Do. Furthermore, by the use of the signals 
from the control outputs I,,; I 	I„_z, ... , h 10, the control 
module CM causes the closure of the destination on-off 
switches SL,,; SL„_ i, sL, 2, ... , SL1, Sm and the connection of 
the top plate of the sampling capacitor C, 0 and the top plates 
of all the capacitors C, 1, C„_z, ... , C1, Co in the array of 
redistribution to the destination rail L, the switching of the 
ground change-over switches SG,; SGn-i, SGn-v .... SG1, SGQ 
and the connection of the bottom plate of the sampling capaci-
tor C„ and the bottom plates of all the capacitors C„_1, C„_2, 
.. , C1, Co in the array of redistribution to ground of the circuit. 
By the use of the signal from the control output D,11, the 
control module CM causes the closure of the destination rail 
on-off switch SG ,jj and the connection of the destination rail 
L to ground of the circuit enforcing a complete discharge of 
the sampling capacitor C„ and of all the capacitors C„_1, C„_2, 
... , C1, Co in the array of redistribution. At the same time, by 
the use of signal from the control output D,,, the control 
module CM causes the closure of the source on-off switch 
SH and the connection of the source rail H to the destination 
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rail L and to ground of the circuit which prevents the occur-
rence of a random potential on the source rail H. 

[0044] As soon as the trigger signal is detected on the 
trigger input InS by the module CM, the apparatus is intro-
duced into the state shown in FIG. 2 by the use of the module 
CM. Therefore, by the use of the signal from the output 
controlling the change-over switches of plates A,, the control 
module CM causes the switching of the top plate change-over 
switches ST,,  ST,A  and of the bottom plate change-over 
switches SB,,, SBA  and the connection of the top plate of the 
sampling capacitor C, to the other end of the first current 
source I and to the non-inverting input of the third comparator 
K3, the connection of the top plate of the additional sampling 
capacitor C, A  to the source on-off switch SHo  and to the 
destination on-off switch SL,,, the connection of the bottom 
plate of the sampling capacitor C, to ground of the circuit and 
the connection of the bottom plate of the additional sampling 
capacitor C,A  to the ground change-over switch SG, enforc-
ing a complete discharge of the additional sampling capacitor 
C, A. Next, the control module CM by the use of the signal 
from the output controlling the first current source AI  causes 
the switching on the first current source I. Electric charge 
delivered by the use of the first current source I is accumulated 
in the sampling capacitor C, which as the only capacitor is 
then connected to the other end of the first current source I and 
to the non-inverting input of the third comparator K3 through 
the top plate change-over switch ST,.  The voltage U, increas-
ing on the sampling capacitor is compared to the converted 
voltage Ur, by the use of the third comparator K3. 

[0045] As soon as the voltage U, on the sampling capacitor 
reaches the converted voltage value UIr„ the control module 
CM on the basis of the output signal of the third comparator 
K3 introduces the apparatus in the state shown in FIG. 3. 
Therefore, the control module CM by the use of the signal 
from the control output D,11  causes the opening of the desti-
nation rail on-off switch SG , jj  and the disconnection of the 
destination rail L from ground of the circuit. By the use of the 
signals from control outputs I,,; I, ... , I1, I0, the control 
module CM causes the opening of the destination on-off 
switches SL,,; SL„_2, ... , SLI, SLO, the disconnection of the top 
plates of the additional sampling capacitor C, A  and of the 
capacitors C„_2, .... C1, Co  in the array of redistribution from 
the destination rail L, the switching of the ground change-
over switches SG,,; SG„_ 2, ... , SGl , SGo  and the connection of 
the bottom plates of the additional sampling capacitor C, A  
and of the capacitors C„_2, .... C1, Co  in the array of redis-
tribution to the source of auxiliary voltage UH. By the use of 
the signal from the output controlling the change-over 
switches of plates Ac, the control module CM causes the 
switching of the top plate change-over switches ST,,  ST,A  and 
of the bottom plate change-over switches SB,,, SB„A  and the 
connection of the top plate of the sampling capacitor C, to the 
source on-off switch SH  and to the destination on-off switch 
SL,,, the connection of the top plate of the additional sampling 
capacitor C, A  to the other end of the first current source I and 
to the non-inverting input of the third comparator K3, the 
connection of the bottom plate of the sampling capacitor C, to 
the ground change-over switch SG, and the connection of the 
bottom plate of the additional sampling capacitor C, A  to 
ground of the circuit. 

[0046] In case if the control module CM does not detect the 
next trigger signal on the trigger input InS when the voltage 
U on the sampling capacitor reaches the converted voltage 
value UIr„ the control module CM on the basis of the output 

signal of the third comparator K3 causes the switching off the 
first current source I by the use of the signal from the output 
controlling the first current source Ar. As soon as the trigger 
signal on the trigger input InS is detected by the control 
module CM, the first current source I, the control module CM 
by the use of the signal from the output controlling the first 
current source Ar  causes the switching on the first current 
source I again. Electric charge delivered by the use of the first 
current source I is accumulated in the additional sampling 
capacitor C, A  which as the only capacitor is then connected to 
the second end of the first current source I and to the non-
inverting input of the third comparator K3 through the top 
plate change-over switch ST,A. The voltage U,A  increasing on 
the additional sampling capacitor is compared to the con-
verted voltage value U, ,by the use of the third comparator K3. 

[0047] In case if the control module CM detects the next 
trigger signal on the trigger input InS when the voltage U, on 
the sampling capacitor reaches the converted voltage value 
UIr„ electric charge delivered still by the use of the first 
current source I is accumulated in the additional sampling 
capacitor C, A  which as the only capacitor is then connected to 
the second end of the first current source I and to the non-
inverting input of the third comparator K3 through the top 
plate change-over switch ST,A. The voltage U,A  increasing on 
the additional sampling capacitor is compared to the con-
verted voltage value UIr, by the use of the third comparator 
K3. 

[0048] In both cases, the control module CM introduces the 
complete conversion output OutR into the inactive state and 
assigns the initial value zero to all the bits b„_l, b„_ 2, .... bl, 
bo  in the digital word. Then, the control module CM assigns 
the function of the source capacitor C, to the sampling capaci-
tor C, by writing the value of the index of the sampling 
capacitor to the source index register. Simultaneously, the 
control module CM assigns the function of the destination 
capacitor Ck  to the capacitor C„_ 1  having the highest capaci-
tance value in the array of redistribution by writing the value 
of the index of the capacitor having the highest capacitance 
value in the array of redistribution to the destination index 
register. Next, the control module CM starts to realize the 
process of redistribution of the accumulated electric charge. 
Therefore, the control module CM by the use of the signal 
from the output controlling the second current source AJ  
causes the switching on the second current source J. The 
charge accumulated in the source capacitor C, is transferred to 
the destination capacitor Ck  by the use of the second current 
source J though the source rail H and the destination rail Land 
the voltage U1  on the source capacitor gradually decreases and 
at the same time the voltage Uk  on the destination capacitor 
gradually increases during the charge transfer. 

[0049] In case when the voltage Uk  on the current destina-
tion capacitor Ck  reaches the reference voltage UL  value, then 
the value one is assigned by the control module CM to the 
appropriate bit bk  in the digital word on the basis of the output 
signal of the second comparator K2. By the use of the signal 
from the control output Ik, the control module CM causes the 
opening of the destination on-off switch Sik  and the discon-
nection of the top plate of the destination capacitor Ck  from 
the destination rail L, the simultaneous the switching of the 
ground change-over switch SGk  and the connection of the 
bottom plate of the destination capacitor Ck  to the source of 
auxiliary voltage UH. Next, the control module CM assigns 
the function of the destination capacitor Ck  to the subsequent 
capacitor in the array of redistribution A whose capacitance 
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value is twice lower than the capacitance value of the capaci-
tor that acted as the destination comparator Ck directly before 
by reducing the content of the destination index register by 
one. By the use of the signal from the control output Ik, the 
control module CM causes the closure of the destination 
on-off switch SLk and the connection of the top plate of a new 
destination capacitor Ck to the destination rail L, the simulta-
neous switching of the ground change-over switch SGk and 
the connection of the bottom plate of the destination capacitor 
Ck to ground of the circuit. 

[0050] In case when the voltage U~ on the source capacitor 
reaches the value zero during charge transfer, then on the 
basis of the output signal of the first comparator K1 the 
control module CM by the use of the signal from the control 
output D, causes the opening of the source on-off switch SH, 
and the disconnection of the top plate of the source capacitor 
C, from the source rail H. By the use of the signal from the 
control output Ik, the control module CM causes the opening 
of the destination on-off switch Sik and the disconnection of 
the top plate of the destination capacitor Ck from the destina-
tion rail L, the simultaneous switching of the ground change-
over switch SGk and the connection of the bottom plate of the 
destination capacitor Ck to the source of auxiliary voltage UH. 
Next, the function of the source capacitor C, is assigned by the 
control module CM to the capacitor that acted as the destina-
tion capacitor Ck directly before by writing the current con-
tent of the destination index register to the source index reg-
ister. The control module CM by the use of the signal from the 
control output D, causes the closure of the source on-off 

switch SH, and the connection of the top plate of a new source 
capacitor C, to the source rail H. Then, the control module CM 
reduces the content of the destination index register by one 
and assigns the function of the destination capacitor Ck to the 
next capacitor in the array of redistributionA having a capaci-
tance value twice lower than the capacitance value of the 
capacitor that acted as the destination capacitor Ck directly 
before. By the use of the signal from the control output Ik, the 
control module CM causes the closure of the destination 
on-off switch Sik and the connection of the top plate of a new 
destination capacitor Ck to the destination rail L, the simulta-
neous switching of the ground change-over switch SGk and 
the connection of the bottom plate of a new destination 
capacitor Ck to ground of the circuit. FIG. 4 presents the 
apparatus in the abovementioned state. 

[0051] In both abovementioned cases, the control module 
CM continues the process of electric charge redistribution on 
the basis of the output signals of the first comparator K1 and 
of the second comparator K2. Each occurrence of the active 
state on the output of the second comparator K2 causes the 
assignment of the function of the destination capacitor Ck to 
the subsequent capacitor in the array of redistribution A 
whose capacitance value is twice as lower as the capacitance 
value of the capacitor which acted as the destination capacitor 
Ck directly before. On the other hand, each occurrence of the 
active state on the output of first comparator K1 causes the 
assignment of the function of the source capacitor C, to the 
capacitor in the array of redistribution A that until now has 
acted as the destination capacitor Ck, and at the same time the 
assignment of the function of the destination capacitor Ck to 
the subsequent capacitor in the array A whose capacitance 
value is twice as lower as the capacitance value of the capaci-
tor which acted as the destination capacitor directly before. 
The process of redistribution is terminated when the capacitor 
Co having the lowest capacitance value in the array of redis- 

tribution A stops to act as the destination capacitor Ck. Such 
situation occurs when the active state appears on the output of 
the first comparator K1 or on the output of the second com-
parator K2 during charge transfer to the capacitor Co having 
the lowest capacitance value in the array of redistribution A. 
When the active state appears on the output of the second 
comparator K2, the control module CM assigns the value one 
to the bit b0. After termination of redistribution of charge 
accumulated previously in the sampling capacitor C, and 
after assigning the corresponding values to the bits b„_l, b„_2, 
... , b1, bo in the output digital word, the control module CM 
activates the signal provided on the complete conversion sig-
nal output OutR. By the use of the signal from the output 
controlling the second current source A, the control module 
CM causes the switching off the second current source J. 
Next, the control module CM introduces the apparatus into 
the relaxation phase as shown in FIG. 1. 

[0052] As soon as the voltage U,A on the additional sam-
pling capacitor reaches the converted voltage value UIN the 
control module CM on the basis of the output signal of the 
third comparator K3 introduces the apparatus in the state 
shown in FIG. 5. Therefore, the control module CM by the use 
of the signal from the control output D,11 causes the opening 
of the destination rail on-off switch SG , jj and the disconnec-
tion of the destination rail L from ground of the circuit. The 
control module CM by the use of signals from the control 
outputs I,,; 1­21.... I1, Io causes the opening ofthe destination 
on-off switches Si,,; Si„_2, ... , Sii, Sio and the disconnection 
of the top plates of the sampling capacitor C, and of the 
capacitors C-21 .... C1, Co in the array of redistribution from 
the destination rail L, the switching of the ground change-
over switches SG,,; SG„_2, ... , Simi, Sao and the connection of 
the bottom plates of the sampling capacitor C, and of the 
capacitors C-21 .... C1, Co in the array of redistribution to the 
source of auxiliary voltage UH. By the use of the signal from 
the output controlling change-over switches of plates A,, the 
control module CM causes the switching of the top plate 
change-over switches Ste„ ST,A and of the bottom plate 
change-over switches 5B,, SBA and the connection of the top 
plate of the sampling capacitor C, to the other end of the first 
current source I and to the non-inverting input of the third 
comparator K3, the connection of the top plate of the addi-
tional sampling capacitor C, A to the source on-off switch SH 
and to the destination on-off switch Si,,, the connection of the 
bottom plate of the sampling capacitor C, to ground of the 
circuit and the connection of the bottom plate of the additional 
sampling capacitor C, A to the ground change-over switch 

[0053] In case if the control module CM does not detect the 
next trigger signal on the trigger input InS when the voltage 
UA on the additional sampling capacitor reaches the con-
verted voltage value UIr„ the control module CM on the basis 
of the output signal of the third comparator K3 causes the 
switching off the first current source I by the use of the signal 
from the output controlling the first current source Ar. 

[0054] As soon as the trigger signal on the trigger input InS 
is detected by the control module CM, the first current source 
I, the control module CM by the use of the signal from the 
output controlling the first current source AI causes the 
switching on the first current source I again. Electric charge 
delivered by the use of the first current source I is accumulated 
in the sampling capacitor C, which as the only capacitor is 
then connected to the second end of the first current source I 
and to the non-inverting input of the third comparator K3 



US 2013/0194123 Al 
	

Aug. 1, 2013 

through the top plate change-over switch ST,. The voltage U, 	capacitance value in the array of redistribution to ground of 
increasing on the sampling capacitor is compared to the con- 	the circuit. FIG. 6 presents the abovementioned state of the 
verted voltage value U, ,by the use of the third comparator K3. 	apparatus. 

[0055] In case if the control module CM detects the next 
trigger signal on the trigger input InS when the voltage U,A on 
the additional sampling capacitor reaches the converted volt-
age value UIr„ electric charge delivered still by the use of the 
first current source I is accumulated in the sampling capacitor 
C, which as the only capacitor is then connected to the second 
end of the first current source I and to the non-inverting input 
of the third comparator K3 through the top plate change-over 
switch ST,. The voltage U, increasing on the sampling 
capacitor is compared to the converted voltage value UIN by 
the use of the third comparator K3. 

[0056] In both cases, the control module CM deactivates 
the signal provided on the complete conversion signal output 
OutR and assigns the initial value zero to all the bits b„_,, b, 2, 
... , b1, bo in the digital word. Then, the control module CM 
assigns the function of the source capacitor C, to the addi-
tional sampling capacitor C, A by writing the value of the 
sampling capacitor C, index to the source index register. 
Simultaneously, the control module CM assigns the function 
of the destination capacitor Ck to the capacitor C„_, having the 
highest capacitance value in the array of redistribution by 
writing a value of the index of the capacitor C„_ i having the 
highest capacitance value in the array of redistribution to the 
destination index register. Next, the control module CM by 
the use of the signal from the output controlling the second 
current source A~ causes the switching on the current source 
J and starts to realize the process of redistribution of charge 
accumulated in the additional sampling capacitor C, A. The 
process of redistribution is terminated when the capacitor Co 
having the lowest capacitance value in the array of redistri-
bution A stops to act as the destination capacitor Ck. After 
termination of redistribution of charge accumulated previ-
ously in the additional sampling capacitor C, A and after 
assigning the corresponding values to the bits b„_l, b„_2, ... , 
b1, bo in the digital word, the control module CM activates the 
complete conversion signal output OutR. By the use of the 
signal from the output controlling the second current source 
A, the control module CM causes the switching off the 
current source J. Next, the control module CM introduces the 
apparatus into the relaxation phase shown in FIG. 2. 

[0057] The method for conversion of a voltage value to the 
digital word realized in the second exemplary apparatus is as 
follows. Before the start of the first process of conversion of a 
voltage value to the digital word having the number of bits 
equal to n, the control module CM by the use of the signal 
from the output controlling the change-over switches of 
plates A, causes additionally the switching of top plate 
change-over switches S,,, Sz,_1A and of the bottom plate 
change-over switches SB„_ i, SB„_ 1A and the connection of the 
top plate of the capacitor C„_ iA having the highest capacitance 
value in the array of redistribution to the source on-off switch 
5H,1 and to the destination on-off switch SL„_ i, the connec-
tion of the top plate of the additional capacitor C„_ lA having 
the highest capacitance value in the array of redistribution to 
the other end of the first current source I and to the non-
inverting input of the third comparator K3, the connection of 
the bottom plate of the capacitor C„_1 having the highest 
capacitance value in the array of redistribution to the ground 
change-over switch Sms„_1 and the connection of the bottom 
plate of the additional capacitor C„_ lA having the highest 

[0058] As soon as the trigger signal is detected by the 
control module CM on the trigger input InS, the control 
module CM by the use of the signal from the output control-
ling the change-over switches of plates A, causes additionally 
the switching of the top plate change-over switches Ste ,, 
SM1A and of the bottom plate change-over switches SB_1,,, 

SB„_lA and the connection of the top plate of the sampling 
capacitor C„_1 having the highest capacitance value in the 
array of redistribution to the other end of the first current 
source I and to the non-inverting input of the third comparator 
K3, the connection of the top plate of the additional capacitor 
C„_ lA having the highest capacitance value in the array of 
redistribution to the source on-off switch 5H,1 and to the 
destination on-off switch SL„_ i, the connection of the bottom 
plate of the sampling capacitor C„_i having the highest 
capacitance value in the array of redistribution to ground of 
the circuit and the connection of the bottom plate of the 
additional capacitor C„_lA having the highest capacitance 
value in the array of redistribution to the ground change-over 
switch SG„_ i enforcing a complete discharge of the additional 
capacitor C„_ lA having the highest capacitance value in the 
array of redistribution. Electric charge delivered by the first 
current source is accumulated simultaneously in the sampling 
capacitor C, and in the capacitor C„_i having the highest 
capacitance value in the array of redistribution which is con-
nected to the sampling capacitor C, in parallel. Both capaci-
tors (C, and C„_ i) are the only capacitors that are connected to 
the other end of the first current source I and to the non-
inverting input of the third comparator K3 through the top 
plate change-over switches 5Th' S,,_,. FIG. 7 presents the 
abovementioned state of the apparatus. 

[0059] As soon as the voltage U, on the sampling capacitor 
reaches the converted voltage value UIr„ the control module 
CM on the basis of the output signal of the third comparator 
K3 by the use of the signal from the output controlling the 
change-over switches of plates A, causes additionally the 
switching of the top plate change-over switches ST,a_1, SZ,y,_1A 
and of the bottom plate change-over switches 5B,1' SB,iA 
and the connection of the top plate of the capacitor C„_1 
having the highest capacitance value in the array of redistri-
bution to the source on-off switch 5H,1 and to the destination 
on-off switch SL„_ i, the connection of the top plate of the 
additional capacitor C„_lA having the highest capacitance 
value in the array of redistribution to the other end of the first 
current source I and to the non-inverting input of the third 
comparator K3, the connection of the bottom plate of the 
capacitor C, 1 having the highest capacitance value in the 
array of redistribution to the ground change-over switch SG„ 
and the connection of the bottom plate of the additional 
capacitor C„_ lA having the highest capacitance value in the 
array of redistribution to ground of the circuit. FIG. 8 presents 
the abovementioned state of the apparatus. 

[0060] As soon as the trigger signal is detected by the 
control module CM on the trigger input InS, electric charge 
delivered by the use of the first current source I is accumulated 
simultaneously in the additional sampling capacitor C„A and 
in the capacitor C„_ lA having the highest capacitance value in 
the array of redistribution which is connected to the sampling 
capacitor C„ in parallel. Both capacitors C„A and C„_ lA) are 
the only capacitors that are connected to the other end of the 
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first current source I and to the non-inverting input of the third 
comparator K3 through the top plate change-over switches 

ST A, ST -1A• 
[0061] As soon as the voltage U,A on the additional sam-
pling capacitor reaches the converted voltage value UIN the 
control module CM on the basis of the output signal of the 
third comparator K3 by the use of the signal from the output 
controlling the change-over switches of plates A, causes 
additionally the switching of the top plate change-over 
switches Sml, SldA and of the bottom plate change-over 
switches San_l, San_lA and the connection of the top plate of 
the capacitor C„_ 1 having the highest capacitance value in the 
array of redistribution to the other end of the first current 
source I and to the non-inverting input of the third comparator 
K3, the connection of the top plate of the additional capacitor 
C„_ lA having the highest capacitance value in the array of 
redistribution to the source on-off switch SH_ l and to the 
destination on-off switch SL„_1, the connection of the bottom 
plate of the capacitor C„_1 having the highest capacitance 
value in the array of redistribution to ground of the circuit and 
the connection of the bottom plate of the additional capacitor 
C„_ lA having the highest capacitance value in the array of 
redistribution to the change-over switch SG„_ l . FIG. 9 pre-
sents the abovementioned state of the apparatus. 
[0062] Another method for conversion of a voltage value to 
the digital word realized according to the invention in the 
exemplary apparatus differs from the previous methods in 
that as soon as the process of accumulated electric charge 
redistribution is terminated, the control module CM causes 
the electric charge, accumulated in the last of capacitors on 
which the reference voltage UL had not been reached during 
realization of the process of redistribution, to be conserved. 
[0063] If the control module CM assigns the value zero to 
the bit bo during the realization of the process of charge 
redistribution, the control module CM introducing the appa-
ratus into the relaxation state by the use of the signal from the 
control output Io causes the opening of the destination on-off 
switch Sio and the disconnection of the top plate of the 
capacitor Co having the lowest capacitance value in the array 
of redistribution from the destination rail L, the switching of 
the ground change-over switch SGo and the connection of the 
bottom plate of the capacitor Co having the lowest capaci-
tance value in the array of redistribution to the source of 
auxiliary voltage UH. 
[0064] If the control module CM assigns the value one to 
the bit bo during the realization of the process of redistribu-
tion, the control module CM introducing the apparatus into 
relaxation state by the use of the signal from the control 
output Ii causes the opening the destination on-off switch Sig, 

and the disconnection of the top plate of the source capacitor 
C, from the destination rail L, the switching of the ground 
change-over switch SG, and the connection of the bottom 
plate of the source capacitor C, to the source of auxiliary 
voltage UH. 

REFERENCES/ABBREVIATIONS 

[0065] A array of redistribution 
[0066] An section of sampling capacitor 
[0067] CM control module 
[0068] K1 the first comparator 
[0069] K2 the second comparator 
[0070] K3 the third comparator 
[0071] I the first current source 
[0072] J the second current source 

[0073] UH source of auxiliary voltage 
[0074] UL source of the reference voltage 
[0075] UI v converted voltage 
[0076] UDD supply voltage 
[0077] InS trigger input 
[0078] Inl the first control input of the control module 
[0079] In2 the second control input of the control module 
[0080] In3 the third control input of the control module 
[0081] B digital output of the control module 
[0082] OutR complete conversion output 
[0083] H source rail 
[0084] L destination rail 
[0085] C„ sampling capacitor 
[0086] C„_1, C„_2, .... C1, Co capacitors in the array of 

redistribution 
[0087] C„_1 capacitor having the highest capacitance value 

in the array of redistribution 
[0088] Co capacitor having the lowest capacitance value in 

the array of redistribution 
[0089] C„A additional sampling capacitor 
[0090] C„-lA additional capacitor having the highest 

capacitance value in the array of redistribution 
[0091] C, source capacitor 
[0092] Ck destination capacitor 
[0093] U_1, U_2, U1, U0 voltages on the capacitors in the 

array of redistribution 
[0094] U, voltage on the sampling capacitor 
[0095] U,A voltage on the additional sampling capacitor 
[0096] UI voltage on the source capacitor 
[0097] Uk voltage on the destination capacitor 
[0098] b„_1, b„_2, b, ... , bl, ... , bk.... , b1, bo bits in the 

digital word 

[0099] SHn, 51Th-1' S11­21. • , SHz, . • , SHk.. • , SH1' 5H0 
source on-off switches 

[0100] Sin' Sin-1' Sin-21 • • I SL~l • • I SLk. • • . 5L1' 5L0 
destination on-off switches 

[0101] 5G , SG„_1, 5G,-2 	, 5l~, .. , SGk, .. , Scv 5G0 
ground change-over switches 

[0102] Ste„ ST,_ l, ST,A, Ste,_1A top plate change-over 
switches 

[0103] San, Sar,-1, SBA' SH-1A bottom plate change-over 
switches 

[0104] SG ,jj destination rail on-off switch 
[0105] Ac output controlling change-over switches of the 

plates 

[0106] Ar output controlling the first current source 
[0107] output controlling the second current source 
[0108] 	I,,,1 	I„_2, ... h, ... , Ik, ... ,11,10 control outputs 
[0109] D,, D, 1, Dn-2... . D,, .. , Dk, ... D1, Do, Da11 

control outputs 

1. Method for clockless conversion of voltage value to 
digital word consisting in a detection of the trigger signal by 
the use of the control module and in mapping the converted 
voltage value to a portion of electric charge proportional to 
this converted voltage value delivered by the use of the cur-
rent source while the portion of electric charge is accumulated 
in the sampling capacitor or in the sampling capacitor and in 
the capacitor having the highest capacitance value in an array 
of redistribution, which is connected in parallel to the sam-
pling capacitor, until the voltage increasing on the sampling 
capacitor observed at the same time by the use of the com-
parator is equal to the converted voltage value, and then 
consisting in the realization of the process of accumulated 
electric charge redistribution in the array of redistribution in a 
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known way by means of the control module by changes of 
states of signals from relevant control outputs, while the array 
of redistribution comprises an array of on-off switches, of 
change-over switches and of capacitors such that a capaci-
tance value of each capacitor of a given index is twice as high 
as a capacitance value of a capacitor of the previous index, 
and also consisting in the assignment ofrelevant values to bits 
of the digital word by means of the control module charac-
terized in that after termination of accumulation of electric 
charge in the sampling capacitor (C„) or in the sampling 
capacitor (C„) and in the capacitor (C„-,) having the highest 
capacitance value in the array of redistribution which is con-
nected to the sampling capacitor (C„) in parallel and after 
detection of the trigger signal by means of the control module 
(CM), electric charge is accumulated in the additional sam-
pling capacitor (C, A), and next the process of redistribution of 
electric charge accumulated in the additional sampling 
capacitor (C, A) is realized and relevant values are assigned to 
bits (b„-,, b­21....  b i, b0) in the digital word by means of the 
control module (CM) while accumulation of electric charge 
in the additional sampling capacitor (C, A) and the process of 
redistribution of electric charge accumulated in the additional 
sampling capacitor (C, A) and assignment ofrelevant values to 
bits (b„-,, b­21....  b i, b0) in the digital word are realized such 
as for the sampling capacitor (C„). 

2. Method for conversion as claimed in claim 1 character-
ized in that after termination of accumulation of electric 
charge in the additional sampling capacitor (C, A) and after 
detection of the trigger signal by means of the control module 
(CM), the next cycle begins and electric charge is delivered by 
the use of the current source and accumulated again in the 
sampling capacitor (C„) or in the sampling capacitor (C„) and 
in the capacitor (C„-,) having the highest capacitance value in 
the array of redistribution which is connected to the sampling 
capacitor (C„) in parallel. 

3. Method for conversion as claimed in claims 1 character-
ized in that when electric charge is delivered by the use of 
current source and is accumulated in the additional sampling 
capacitor (C, A), a part of delivered electric charge is accumu-
lated simultaneously in the additional capacitor (C„-lA) hav-
ing the highest capacitance value in the array of redistribution 
which is connected to the additional sampling capacitor (C, A) 
in parallel, while a capacitance value of the additional capaci-
tor (C„- lA) having the highest capacitance value in the array of 
redistribution equals the capacitance value of the capacitor 
(C„-lA) having the highest capacitance value in the array of 
redistribution. 

4. Method for conversion as claimed in claims 1 character-
ized in that after termination of process of redistribution, the 
charge, accumulated in the last of capacitors on which the 
reference voltage (UL) had not been reached when the process 
of redistribution was realized, is conserved. 

5. Apparatus for clockless conversion of voltage value to 
digital word comprising the array of redistribution whose 
control inputs are connected to control outputs of the control 
module and the control module is equipped with the digital 
output, the complete conversion output, the trigger input, the 
first control input connected to the output of the first com-
parator and the second control input connected to the output 
of the second comparator whereas the source of auxiliary 
voltage, the section of the sampling capacitor and the second 
controlled current source whose control input is connected to 
the relevant output controlling the second current source are 
connected to the array of redistribution while the first end of  

the second current source is connected to the source rail and 
the other end of the second current source is connected to the 
destination rail while the source of supply voltage is con-
nected to the first end of the first current source whose control 
input is connected to the output controlling the first current 
source whereas the array of redistribution comprises the sec-
tions whose number equals the number of bits in the digital 
word, and the section of the sampling capacitor and each 
section of the array of redistribution comprises the source 
on-off switch, the destination on-off switch, the ground 
change-over switch and at least one capacitor whose top plate 
is connected to the source rail through the source on-off 
switch and/or to the destination rail through the destination 
on-off switch and whose bottom plate is connected to ground 
of the circuit or to the source of auxiliary voltage through the 
ground change-over switch while a capacitance value of each 
capacitor of a given index in the array of redistribution is 
twice as high as a capacitance value of a capacitor of the 
previous index and also the destination rail is connected to 
ground of the circuit through the destination on-off switch to 
the non-inverting input of the second comparator whose 
inverting input is connected to the source of the reference 
voltage and the source rail is connected to the inverting input 
of the first comparator whose non-inverting input is con-
nected to the source of auxiliary voltage whereas the control 
inputs of the source on-off switches and the control inputs of 
the destination rail are connected appropriately to the control 
outputs of the control module and the control inputs of the 
destination on-off switches are coupled together and con-
nected appropriately to the control outputs of the control 
module characterized in that the control module (CM) is 
equipped with the third control input (1n3) connected to the 
output of the third comparator (K3) whose inverting input is 
connected to the source of converted voltage (U,,) and the 
non-inverting input of the third comparator (K3) is connected 
to the other end of the first current source (I) and to the section 
of the sampling capacitor (A„) which comprises the addi-
tional sampling capacitor (C, A), the top plate change-over 
switches (ST,„ ST,A), the bottom plate change-over switches 
(SB,,, SB„A) while the top plate of the sampling capacitor (C„) 
and the top plate of the additional sampling capacitor (C„-,) 
are connected through the top plate change-over switches 
(ST,„ ST,A) to the source on-off switch (SH) and to the des-
tination on-off switch (Sir„) or to the other end of the first 
current source (I) and to the non-inverting input of the third 
comparator (K3) whereas the bottom plate of the sampling 
capacitor (C„) and the bottom plate of the additional sampling 
capacitor (C,A) are connected to the ground change-over 
switches (SG,) or to ground of the circuit through the bottom 
plate change-over switches (SB,,, SB„A) and the control inputs 
of the top plate change-over switches (ST,„ ST,A) and the 
control inputs of the bottom plate change-over switches (SB,,, 
SB„A,) are coupled together and connected appropriately to 
the output controlling the change-over switches of the plates 

(Ac). 

6. Apparatus for conversion as claimed in claim 5 charac-
terized in that at least one section in the array of redistribution 
(A) comprises the additional capacitor (C„-lA, C, 2A, ... , CiA, 
CQA), the top plate change-over switches (ST  1, Sz,,-2, ... , ST1, 
STO; Ste,-lA, ST,-z_4, .. . , ST1A, SSA) and the bottom plate 
change-over switches (San-1, San-2. 	. SB1, Sao; San-lA, 
San-2A..... SB1A, SBQA) while the top plates of the capacitors 
(C, 1, C„-2, .... C1 , Co) and the top plates of the additional 
capacitors (C„-lA, C„-2A, ... , CiA, CQA) are connected appro- 
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priately to the source on-off switches (Sx  -,, Sx ..... Sxi, 
SHO) and to the destination on-off switches (Si„-i, SL, 2.... , 
SL1, SLQ) or to the other end of the first current source (I) and 
to the non-inverting input of the third comparator (K3) 
whereas the bottom plates of the capacitors (C„-i, C„-z, ... , 
C1, Co) and the bottom plates of the additional capacitors 

(C„-lA, C„-2A, • • • , C,A, CQA) are connected appropriately to 
the ground change-over switches (SG„-i, SG„-z, ... , Simi, Sao) 
or to ground of the circuit through the bottom plate change-
over switches (San-1, San-2. • . Sai, SBO;  San-lA, San-2A, 

SB1A, SBOA) whereas the control inputs of the top plate 
change-over switches (ST, 1, Spa-z, ... , ST1, STO; Ste,-lA, 

ST-2-4, ... , ST1A, SA)  and the control inputs of the bottom 
plate change-over switches (San-i, San-2..... SB1, SBO; 
San-lA, San-zA. • • • . SB1A, SBQA) are coupled together and 
connected to the output controlling the change-over switches 
of plates (A,). 

7. Apparatus for conversion as claimed in claim 6 charac-
terized in that the capacitance value of the sampling capacitor 
(C„) and the capacitance value of the additional sampling 
capacitor (C„A) are not lower than the capacitance value of the 
capacitor (C„- 1) having the highest capacitance value in the 
array of redistribution. 

8. Apparatus for conversion as claimed in claim 6 charac-
terized in that the capacitance value of the additional capaci-
tor (C„-lA, C„-2A, ... , C,A, CQA) in the array of redistribution 
is equal appropriately to the capacitance value of the capaci-
tor (C, 1, C„-z, .... C1 , Co) in the array of redistribution. 
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