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(57) ABSTRACT 

The solution according to the invention consisting in conver-
sion of a time interval to a digital word of a number of bits 
equal ton by the use of the array (A) of binary-scaled capaci-
tors (C„-i, ... , 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 ((C„-,, ... , Co)) in the order of decreasing capaci-
tances 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 accumu-
lated in the capacitor (Cx) charged recently is successively 
transferred by the use of the current source (I) to the capaci-
tors of lower capacitance values. The process of charge trans-
fer is controlled by the control module (CM) on the basis of 
the output signals of the comparators (K1) and (K2) without 
the use of a clock while the value one is assigned to these bits 
(b„-1, ... , b0) in the digital output word that correspond to the 
capacitors (C„-,, ... , Co) on which the reference voltage (UL) 
of a desired value has been obtained, and the value zero is 
assigned to the other bits. 

14 Claims, 18 Drawing Sheets 

UaT 	 ~ 	~ 	 .. 	 j .............. .. 	y SH1 i'~ SHO 

SI -1 	SI.n.z ................ .. 	Sia 	St.o 

 
ii 	 I i'r' 	IUn. ................ 	,' 	IU i' 	CUo 

u-T 	 i C^
Un. ~ i
t I 

2 	
C -z 	 t

t 
  

HTPTJL:2  
ml 	In2 	As!: At 	Dna::I.-i Dn-2::In.2 	 Di: It 	Do::Io 	Dam 

InT 	 CM 

bn-t 	bn-2 	................ 	bt 	bo 	OutR 

B 



U.S. Patent 	Jun. 23, 2015 	Sheet 1 of 18 	 US 9,063,518 B2 

H 



 

C 
Si 	 Snnn--1E 	SH --2 	................... 	E 	SH1 	Silo 

E 	 E 	e 	 E 	 3 

E 	 C 	 C 	e 	C 

~v 	 g _ 	 ................... 	C 	_ 	 3 

E ~ 	17 4Jn-2 	
.. ................ 	

E 3 	--° 	3 	ti E E 	Tt_Jt-1C € 	 E C 	t1 E E
U ~~  

E 	:~On 	E — 	Stan-2 	................... 	€ — m S(il 	3 } 	S, T

LJI 

 E 	

STJ 
EE 	 E€ 	 €3 	 33 

€i ii

€ 3— 	—3 3 — — 	—  

UL I 

T 

m T 

Fig. 2 



ULt 
I 	 H 

1111 	1n2 As Ai 

TnT 

__________________~ 

D,|Inz DnaTua 	 D/{/ 	Dolo 	r^- 

CM 

JI 

hn/ 
	

b/ 	|bw 	| OutR 

Fi/.3 



d 

u 

U.S. Patent 	Jun. 23, 2015 	Sheet 4 of 18 
	

US 9,063,518 B2 

I I 

I : I 

ILL -_P 

OH 	+--- O-H 4-- 	O-H 

a-~ w--a 



c  

H 

t 
Nino 	 I' 	.......... 	q 	 s 	.......... 	[-Uq 

Ji\ J 	 la_ lul 

Et}=' 
01:    :°11 	 'I :° 

	?I E I l0 	 I 1 3 }-" 	 i 	E i sV 	T ZI 

I 	 E 	 EE 	 EI 	 II 	 13 	 II 

	

13 	

I 	 II E 	 EE 	 E 	EI 	 ~ 	II 	 13 

T 	E 	 •1  

b 	E 	 EE 	 ~EI 	 II 	 13 	I 	 II 

oos 	+ E 	.......... 	.' s ,e} _+  
I 	 EE 	 EI 	 II 	 1 3 	EI 	 II 	 i~ 

Oft 	E E 	.......... 	. 	3-~ 	I 	3f 3_l 	.......... ~. _ufl I 	I 	 I i 

	

E E 	 E I 	 I I 	 'F 	 1 3 	I 	 II 

I 	 E
E 	 E I 	 I I 	 1 3 	I 	 II 

	

 'E`3 	I 	 w~ 
 

I 	 E 	 I 	 I 	 3 	I 
I 	 E 	 I 	 I 	 3 	I 

f l 



UDIt 

	

Silo 	

A 

rill 

Sr - 	 Si:.' 	 S.1 
N 	 1 

4 	 'T'Htun-2 	 Lii —1--1.Ja 

iAs 	 +Sui 	Suo 	Siaii 

HLftLiJ± 	LLLJLIL±i 
1111 	1n2 As 	 In- Dn- L-i 	 Di 1i 	Do Jo 

mT 	 CM 

be-i 	I bn-2 
	

ho 	OutR 

B 

Fig. 6 



U.S. Patent 	Jun. 23, 2015 	Sheet 7 of 18 
	

US 9,063,518 B2 

z 

e 	: 

~ ~ e 

e 	N 

H 



ut 
I 

A l 

ISIA 	su, 	4 SLn2 	 St-lo 
I- 

tLJk 	
4 	 L 4. . 	L 4 

	

Un-2 	 iUi rHUO 

	

(in-2 	 CI 	Co 

	

+I7SGi +SGk + Sin.. 	 Sui 	SGO 	/ SGa]I 

JLL±LL-  — — — — — — — — — — — ftLJLI JJ 
L 	Ti, 	 L fl T 	fl. 

B 

Fig. 8 

UT 

TnT 



u t 
T 

ut 	 I F 	F  
mp jSiI/S ie 	mm 	Sii3-13°- 	SiJii- 	 _ 	, 	~ 	Silo 

e 	 I 

[<K2 	
E 

	

!! 	 I  
33 	 11 	 3 	 ! 	 ...................

I,n 	3 3 ~ 	SLn-1 1 3 -'~ 	I,n-i 	

LL 
si~i 	-~' 	till'{ 

 f 	 I 
 EE  

~ 

	

II 	 E~ 	 II 	 II 	 €€ 	 E3 	 I 	 I 

	

II 	 ELI 	 R 

	

II 	 !I._-- 
II --- II ----------- - --- ~9 --- I ---j 

In I 	1n2 	AsII Al D In 	D - In-i Dn.-2 In-2 Di 1 1i 	Do I Io 	Dail, 

	

II 	 i~ 	 II 	 31 	 €€ 	 €i 

InT 	 'c 

	

bn-i 	I 	r-z 	................... 	b i 	I ho 	I Out . 

0 
Fig. 9 



U.S. Patent 	Jun. 23, 2015 	Sheet 10 of 18 	US 9,063,518 B2 

H 



C 

In 

U.S. Patent 	Jun. 23, 2015 	Sheet 11 of 18 
	

US 9,063,518 B2 

rte  

® do---------- T E € 

N 

 Cam! 	ra  

E 	N 

I i 	 3 I 	w-4 

7W 

p~q 

v—I 
tl~ 



DDT 

CD 

[JET I 
 Itii SFO 

- - E 

T~ 

I I 
C 	 p 

T
C~n-2 

E # 

~.:l  

I 	€ 	 I 	 C 1 

# 	 € 	 II 

111 In2 	€ Ai 	# A 	Dc-1€ € In-i 	Dn-2 p I In-2 D# # Ii Do # # To Danl# 
d0 

TnT car 

n-i 	b.l-2 	................... b ho OutR. 

B 

Fig. 12 

00 



TT 	!J 

£1.1 

jTflO I 	oq I 	iql 	.......... 	xq I 	.......... 	1_UCI 

ju1 

TIQ Oj 	OQ 1 	: Ict UJ J UT 

0')  

____ 

ITfl  

4,Uai1 

00 

CD 
CD 

cJ 



L 

U1,T  

Jul 	1n2 	Ai 

InT =[ 

--------------------------------------- 

 
Al 

IX 

I - 'T s I, I, SIJ ST,k 

T1 
silo 

tUn1 ......... ... Tc 	Tc TcJ0 
GSCk  GO SGaii 

I 

Ai 	D-i 	In-i D 	I 	Dk IF Do 	Jo 

CM 

bT-i 	 b 	b 	 ho 	OutR 

B 
Fig. 14 



UDDT  

i 	

{ 	J jrj 	11~F Si lo 

A 

L 1Y 

U 

 
1.111 '<4 -] : C 	

4si 4si 
U 	 U '- 2 	 tUi 	too 

ULt 

Tr~~,Sun 
	 ...... 

' 	 4 flS.;E:.2 	 4 *S.i 	4 *Sjo 	S(3all l  

ml 	I 1n2 	Ai 	Aj 	D In 	ii-! 1'-: Dn-2 I'-.? 	 Di Ii 	Do To 	D1IE 

TnT 

bri 	bn-2 	 bi 	bo 	OutR 

B 
Fig. 15 



Hi1 

91 •H 

00 

CD CD 
cJ 

9 

JAIJ 

1v 	I 

ii ii x ) jlH hi-DS /+. 	ODS°f*+ LDS /-+ 	' 1 S -+ 

OJ T(] 

Oi is J----  -U U]( 

Jul 

zu1 	JUT 



L 

LH 

liii I I 1n2 

fTh
11 	

Silo 
 r  

-------------- 	
- 7~D 	----------- 

-------- 

Sili Slo 

Ai 1 Ai 	DL 	Dk1k Dn In2 	 DL 	D0::10 	 - - 

mT 
	

As 

bk 	bri-2 	 bi 	ho 	OutR. 

B 
Fig. 17 



U.S. Patent 	Jun. 23, 2015 	Sheet 18 of 18 	US 9,063,518 B2 

HL 4 

ç 3 rJ) 

T 

- 

Li Li 	0---1 



US 9,063,518 B2 
1 

METHOD AND APPARATUS FOR 
	

capacitor in the array of capacitors which is the last capacitor 
CONVERSION OF TIME INTERVAL TO 

	
in which charge was accumulated. At the same time, by 

DIGITAL WORD 
	

writing the value of the source capacitor index register 
reduced by one to the destination capacitor index register, the 

The subject of this invention is a method and an apparatus 5 function of the destination capacitor whose index is defined 
for conversion of a time interval to a digital word that can be 

	
by the content of the destination capacitor index register in the 

applied to measurements of pulse widths in monitoring and 
	

control module is assigned by means of the control module to 
control systems. 	 the subsequent capacitor in the array whose capacitance value 

The method for the conversion of a time interval to a digital 
	

is twice lower than the capacitance value of the source capaci- 
word known from the international patent application 10 tor. Then, the electric charge accumulated in the source 
W02008/123786 consists in counting periods of the refer- 	capacitor is transferred to the destination capacitor by the use 
ence clock during each pulse whose leading and trailing 	of the current source. At the same time, the voltage increasing 
edges define respectively the start and the end of the con- 	on the destination capacitor is compared to the reference 
verted time interval. The number of counted reference clock 

	
voltage value by the use the second comparator, and also the 

periods corresponding to the difference between the final 15 voltage on the source capacitor is observed by the use of the 
state and the initial state of the counter represents the con- 	first comparator. When the voltage on the source capacitor 
verted time interval. 	 observed by the use of the first comparator equals zero during 

The apparatus for the conversion of analog signals to digi- 	the charge transfer, the function of the source capacitor is 
tal signals with asynchronous Sigma-Delta modulation 	assigned to the current destination capacitor by means of the 
known from the international patent application W02008/ 20 control module on the basis of the output signal of the first 
123786 containing converter of the time interval to the digital 

	
comparator by writing the current content of the destination 

word comprises the counter whose input programming its 	capacitor index register in the control module to the source 
initial state is connected to the setup register, whereas the 	capacitor index register in the control module, and also the 
counting input of the counter is connected to the output of the 

	
function of the destination capacitor is assigned to the subse- 

reference clock that is, on the other hand, connected to the 25 quent capacitor in the array whose capacitance value is twice 
input of the control module. The other input of the control 

	
lower than the capacitance value of the capacitor that oper- 

module is connected to the output the asynchronous Sigma- 	ated as the destination capacitor directly before by reducing 
Delta modulator whereas the converted analog signal is pro- 	the content of the destination capacitor index register by one, 
vided to the input the asynchronous Sigma-Delta modulator. 	and charge transfer from a new source capacitor to a new 
The output of the counter is connected to the intermediate 3o destination capacitor is continued by the use of the current 
buffer whose input is on the other hand connected to the 	source. When the voltage on the destination capacitor 
transmitting buffer while the output of the transmitting buffer 	observed by the use of the second comparator equals the 
is the output the output of the apparatus at the same time. The 	reference voltage value during the transfer of charge from the 
outputs of the control module are connected to the control 

	
source capacitor to the destination capacitor, the function of 

inputs of the intermediate buffer and of the transmitting buffer 35 the destination capacitor is assigned by means of the control 
respectively, and also to the input of the counter used for 	module on the basis of the output signal of the second com- 
programming its initial state. 	 parator to the subsequent capacitor in the array whose capaci- 

The method according to the invention is characterized in 	tance value is twice lower than the capacitance value of the 
that the time interval, whose both start and end are detected by 	capacitor that operated as the destination capacitor directly 
the use of the control module, is mapped to a portion of 4o before by reducing the content of the destination capacitor 
electric charge proportional to the time interval, while the 

	
index register by one. Next, the charge transfer from a source 

portion of electric charge is delivered during the time interval 
	

capacitor to a new destination capacitor is continued, while 
by the use of the current source and is accumulated in an array 	this process is still controlled by means of the control module 
of capacitors whereas a capacitance value of a capacitor of a 	on the basis of the output signals ofboth comparators until the 
given index is twice as high as a capacitance value of the 45 voltage on the source capacitor observed by the use of the first 
capacitor of the previous index. Charge accumulation is 	comparator equals zero during the period in which the func- 
started from the capacitor having the highest capacitance 	tion of the destination capacitor is assigned to the capacitor 
value in the array of capacitors and is realized from the start of 

	
having the lowest capacitance value in the array of capacitors, 

the time interval to the end of the time interval detected by 	or the voltage increasing on the capacitor of the lowest capaci- 
means of the control module or until the voltage, which 50 tance value in the array and observed at the same time by the 
increases on the capacitor having the highest capacitance 	use of the second comparator equals the reference voltage 
value in the array of capacitors and is simultaneously 	value while the value one is assigned to these bits in the digital 
observed by the use of the second comparator, equals the 	word corresponding to the capacitors in the array of capaci- 
reference voltage value. In this case the charge accumulation 	tors on which the voltage equal to the reference voltage value 
is continued in the subsequent capacitor in the array of capaci-  55 has been obtained, and the value zero is assigned to the other 
tors whose capacitance value is twice lower than the capaci- 	bits by means of the control module. 
tance value of the capacitor in which charge was accumulated 

	
In the another variant of the method, electric charge is 

directly before and at the same time the voltage increasing on 
	

delivered by the use of the current source and is accumulated 
the capacitor, in which charge is currently accumulated, is 

	
in the sampling capacitor during the time interval whose both 

compared to the reference voltage value by the use of the 60 start and end are detected by means of the control module, and 
second comparator. The cycle is repeated until the end of the 	after detecting the end of the time interval by means of the 
time interval is detected by means of the control module. 	control module, the function of the source capacitor whose 
Afterwards, by writing the value of the index of the capacitor, 	index is defined by the content of the source capacitor index 
which is the last capacitor in which charge was accumulated, 	register in the control module is assigned by means of the 
the function of the source capacitor, whose index is defined by 65 control module to the sampling capacitor by writing the value 
the content of the source capacitor index register in the con- 	of the index of the sampling capacitor to the source capacitor 
trol module, is assigned by means of the control module to the 

	
index register, and also the function of the destination capaci- 
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tor whose index is defined by the content of the destination 	capacitor is assigned to the capacitor having the lowest 
capacitor index register in the control module is assigned by 	capacitance value in the array of capacitors, or the voltage, 
means of the control module to the capacitor having the 	which increases on the capacitor having the lowest capaci- 
highest capacitance value in the array of capacitors by writing 	tance value in the array of capacitors and is simultaneously 
the value of the index of the capacitor having the highest 5 observed by the use of the second comparator, equals the 
capacitance value in the array of capacitors to the destination 	reference voltage value. 
capacitor index register. After that, the process of electric 

	
In the another variant of the method, electric charge is 

charge transfer from the source capacitor to the destination 
	

delivered by the use of the current source and is accumulated 
capacitor is realized by the use of the current source on the 

	
in the sampling capacitor during the time interval whose both 

basis of the output signals of both comparators until the i o start and end are detected by means of the control module, and 
voltage on the source capacitor observed by the use of the first 	after detecting the end of the time interval by means of the 
comparator equals zero during the period in which the func- 	control module, the function of the source capacitor whose 
tion of the destination capacitor is assigned to the capacitor 

	
index is defined by the content of the source capacitor index 

having the lowest capacitance value in the array of capacitors, 	register in the control module is assigned by means of the 
or the voltage, which increases on the capacitor having the 15 control module to the sampling capacitor by writing the value 
lowest capacitance value in the array of capacitors and is 	of the index of the sampling capacitor to the source capacitor 
simultaneously observed by the use of the second comparator, 	index register, and also the function of the destination capaci- 
equals the reference voltage value. 	 tor whose index is defined by the content of the destination 

In the another variant of the method, electric charge is 	capacitor index register in the control module is assigned by 
delivered by the use of the current source and is accumulated 20 means of the control module to the capacitor having the 
during the time interval whose both start and end are detected 

	
highest capacitance value in the array of capacitors by writing 

by means of the control module in the capacitor having the 	the value of the index of the capacitor having the highest 
highest capacitance value in the array of capacitors and at the 	capacitance value in the array of capacitors to the destination 
same time in the sampling capacitor connected in parallel to 	capacitor index register, and after that, the process of redis- 
the capacitor having the highest capacitance value in the array 25 tribution of accumulated electric charge is realized during 
of capacitors where the capacitance value of the sampling 	which charge is transferred from the source capacitor to the 
capacitor is not smaller than the capacitance value of the 

	
destination capacitor by the use of the additional current 

capacitor having the highest capacitance value in the array of 
	

source whose effectiveness is different from the effectiveness 
capacitors. Next, after detecting the end of the time interval 

	
of the current source and the process of charge redistribution 

by means of the control module, the function of the source 30 is realized on the basis of the output signals of both compara- 
capacitor whose index is defined by the content of the source 	tors until the voltage on the source capacitor observed by the 
capacitor index register in the control module is assigned by 	use of the first comparator equals zero during the period in 
means of the control module to the sampling capacitor by 	which the function of the destination capacitor is assigned to 
writing the value of the index of the sampling capacitor to the 	the capacitor having the lowest capacitance value in the array 
source capacitor index register, and also the function of the 35 of capacitors, or the voltage, which increases on the capacitor 
destination capacitor whose index is defined by the content of 

	
having the lowest capacitance value in the array of capacitors 

the destination capacitor index register in the control module 	and is simultaneously observed by the use of the second 
is assigned by means of the control module to the capacitor 	comparator, equals the reference voltage value. 
having the highest capacitance value in the array of capacitors 

	
In the another variant of the method, electric charge is 

by writing the value of the index of the capacitor having the 4o delivered by the use of the current source and accumulated 
highest capacitance value in the array of capacitors to the 

	
during the time interval whose start and whose end are 

destination capacitor index register. Afterwards, the process 
	

detected by means of the control module in the capacitor 
of the electric charge transfer from the source capacitor to the 

	
having the highest capacitance value in the array of capacitors 

destination capacitor is realized by the use of the current 	and at the same time in the sampling capacitor connected in 
source on the basis of the output signals of both comparators 45 parallel to the capacitor having the highest capacitance value 
until the voltage on the source capacitor observed by the use 

	
in the array of capacitors where the capacitance value of the 

of the first comparator equals zero during the period in which 
	

sampling capacitor is not smaller than the capacitance value 
the function of the destination capacitor is assigned to the 	of the capacitor having the highest capacitance value in the 
capacitor having the lowest capacitance value in the array of 

	
array of capacitors, and after detecting the end of the time 

capacitors, or the voltage, which increases on the capacitor 50 interval by means of the control module, the function of the 
having the lowest capacitance value in the array of capacitors 	source capacitor whose index is defined by the content of the 
and is simultaneously observed by the use of the second 

	
source capacitor index register in the control module is 

comparator, equals the reference voltage value. 	 assigned by means of the control module to the sampling 
In the another variant of the method, after detecting the end 

	
capacitor by writing the value of the index of the sampling 

of the time interval by means of the control module and after 55 capacitor to the source capacitor index register, and also the 
writing the values of indexes of relevant capacitors to the 

	
function of the destination capacitor whose index is defined 

source capacitor index register and to the destination capaci- 	by the content of the destination capacitor index register in the 
tor index register by means of the control module, the process 	control module is assigned by means of the control module to 
of charge redistribution is realized during which charge is 	the capacitor having the highest capacitance value in the array 
transferred from the source capacitor to the destination 60 of capacitors by writing the value of the index of the capacitor 
capacitor by the use of the additional current source, whose 

	
having the highest capacitance value in the array of capacitors 

effectiveness is different from the effectiveness of the current 
	

to the destination capacitor index register, and after that, the 
source, and the process of charge redistribution is controlled 

	
process of redistribution of accumulated electric charge is 

by means of the control module on the basis of the output 	realized during which charge is transferred from the source 
signals of both comparators until the voltage on the source 65 capacitor to the destination capacitor by the use of the addi- 
capacitor observed by the use of the first comparator equals 	tional current source whose effectiveness is different from the 
zero during the period in which the function of the destination 	effectiveness of the current source, and the process of charge 



US 9,063,518 B2 
5 

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 5 

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. 

Apparatus according to the invention containing the con- io 
trol 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 15 

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 mod-
ule is connected to the output of the second comparator whose 20 

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 25 

source is connected to the relevant control output of the con-
trol module. 

In this variant of the apparatus, the array comprises a num-
ber of n capacitors, and a capacitance value of a capacitor of 
a given index is twice as high as a capacitance value of the 30 

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 35 

switches while the top plate of the capacitor having the high-
est capacitance value in the array of capacitors is also con-
nected through the closed second on-off switch to the second 
rail with which the top plates of the other capacitors in the 
array are connected through the open second on-off switches. 40 

On the other hand, the bottom plate of the capacitor having the 
highest capacitance value in the array of capacitors is con-
nected to the ground of the circuit through the change-over 
switch whose moving contact is connected to its first station-
ary contact and the other stationary contact of the change- 45 

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 50 

to their other stationary contacts, and the first stationary con-
tacts of the change-over switches are connected to the ground 
of the circuit. The first rail is connected to the ground of the 
circuit through the open first rail on-off switch and to the 
non-inverting input ofthe second comparator whose inverting 55 

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 60 

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 65 

source change-over switch whose moving contact is con-
nected to its first stationary contact, and the other stationary  

contact of the current source change-over switch is connected 
to the second rail, and the other end of the current source is 
connected to the first rail, and furthermore, the control input 
of the current source is connected to the relevant control 
output of the control module, and the control input of the 
current source change-over switch is connected to the rel-
evant control output of the control module. 

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

In the another version of this apparatus variant, the sam-
pling 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 sam-
pling 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 addi-
tional current source is connected to the array of capacitors, 
and the control input of the additional current source is con-
nected 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 
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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 capaci-
tors in the array are connected through the open second on-off 5 

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 io 
change-over switch is connected to the source of auxiliary 
voltage and also to the non-inverting input of the first com-
parator, 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 con- 15 

nected to their other stationary contacts, and the first station-
ary 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 20 

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 25 

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 rel-
evant control outputs of the control module. Furthermore, one 
end of the current source is connected to the voltage supply, 30 

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 35 

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 sam-
pling capacitor is connected to the array of capacitors while 40 

the top plate of the sampling capacitor is connected to the first 
rail through the closed first on-off switch and also it is con-
nected 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- 45 

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 50 

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 55 

first rail through the open first on-off switch and to the second 
rail through the open second on-off switch, while the bottom 
plate of the capacitor having the highest capacitance value in 
the array of capacitors is connected to the source of auxiliary 
voltage through the change-over switch whose moving con- 60 

tact is connected to its other stationary contact, whereas the 
first stationary contact of the change-over switch is connected 
to the ground of the circuit. 

In the another version of this apparatus variant, the sam-
pling capacitor is connected to the array of capacitors where 65 

the capacitance value of the sampling capacitor is not smaller 
than the capacitance value of the capacitor having the highest 

8 
capacitance value in the array of capacitors, while the sam-
pling 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 con-
nected 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 con-
nected to the ground of the circuit through the change-over 
switch whose moving contact is connected to its other sta-
tionary contact, whereas the first stationary contact of the 
change-over switch is connected to the source of auxiliary 
voltage. 

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

following figures. 	 until the voltage C_1, which increases on the capacitor C_1 
FIG. 1-illustrates a block diagram of the apparatus. 	and is simultaneously observed by the use of the second 
FIG. 2-illustrates the schematic diagram of the apparatus 	comparator K2, equals the reference voltage UL value, and in 

in the relaxation phase. 	 5 this case the charge accumulation is continued in the subse- 
FIG. 3-illustrates the schematic diagram of the apparatus 	quent capacitor in the array A of capacitors whose capaci- 

after detecting the start of the time interval at time of starting 	tance value is twice lower than the capacitance value of the 
the charge accumulation in the capacitor C_1 in the array of 

	
capacitor in which charge was accumulated directly before, 

capacitors. 	 and at the same time the voltage, increasing on the capacitor 
FIG. 4-illustrates the schematic diagram of the apparatus io in which charge is accumulated currently, is compared to the 

during the accumulation of charge in the subsequent capaci- 	reference voltage UL value by the use of the second compara- 
tor C in the array of capacitors. 	 tor K2. The cycle is repeated until the end of the time interval 

FIG. 5-illustrates the schematic diagram of the apparatus 
	

is detected by means of the control module CM, and after- 
during the transfer of charge from the source capacitor C, to 	wards, the function of the source capacitor Cgi, whose index is 
the destination capacitor Ck in the array of capacitors. 	15 defined by the content of the source capacitor C, index register 

FIG. 6-illustrates the schematic diagram of the another 
	

in the control module CM, is assigned by means of the control 
version of the apparatus in the relaxation phase. 	 module CM to the capacitor C in the array A of capacitors by 

FIG. 7-illustrates the schematic diagram of the another 	writing the value of the index of the capacitor C to the source 
version of the apparatus at time of starting the charge accu- 	capacitor C, index register where the capacitor C is the last 
mulation in the sampling capacitor C. 	 20 capacitor in which charge was accumulated, and the function 

FIG. 8-illustrates the schematic diagram of the another 	of the destination capacitor Ck whose index is defined by the 
version of the apparatus at time of starting the charge transfer 	content of the destination capacitor Ck index register in the 
from the source capacitor C, to the destination capacitor Ck for 	control module CM is assigned by means of the control mod- 
i=n and k=n-1. 	 ule CM to the subsequent capacitor in the array A whose 

FIG. 9-illustrates the schematic diagram of the another 25 capacitance value is twice lower than the capacitance value of 
version of the apparatus at time of starting the charge accu- 	the source capacitor C, by writing the value stored in the 
mulation both in the sampling capacitor C, and in the capaci- 	source capacitor C, index register reduced by one to the des- 
tor C_1 connected in parallel. 	 tination capacitor Ck index register. Then, the charge accu- 

FIG. 10 illustrates a block diagram of the another variant 	mulated in the source capacitor C, is transferred to the desti- 
of the apparatus. 	 so nation capacitor Ck by the use ofthe current source I and at the 

FIG. 11 illustrates the schematic diagram of the another 	same time the voltage Uk increasing on the destination capaci- 
variant of the apparatus in the relaxation phase. 	 tor Ck is compared to the reference voltage UL value by the use 

FIG. 12 illustrates the schematic diagram of the another 	the second comparator K2, and also the voltage U~ on the 
variant of the apparatus after detecting the start of the time 	source capacitor C, is observed by the use of the first com- 
interval at time of starting the charge accumulation in the 35 parator K1. When the voltage U~ on the source capacitor C, 
capacitor C_1 in the array of capacitors. 	 observed by the use of the first comparator K1 equals zero 

FIG. 13 illustrates the schematic diagram of the another 
	

during the charge transfer, the function of the source capacitor 
variant of the apparatus during the accumulation of charge in 

	
C, is assigned to the current destination capacitor Ckby means 

the subsequent capacitor C in the array of capacitors. 	of the control module CM on the basis of the output signal of 
FIG. 14 illustrates the schematic diagram of the another 40 the first comparator K1 by writing the current content of the 

variant of the apparatus during the transfer of charge from the 
	

destination capacitor Ck index register in the control module 
source capacitor C, to the destination capacitor C. 	 CM to the source capacitor C, index register in the control 

FIG. 15 illustrates the schematic diagram of the another 	module CM, and also the function of the destination capacitor 
version of the apparatus variant in the relaxation phase. 	Ck is assigned to the subsequent capacitor in the array A 

FIG. 16 illustrates the schematic diagram of the another 45 whose capacitance value is twice lower than the capacitance 
version of the apparatus variant at time of starting the charge 	value of the capacitor that operated as the destination capaci- 
accumulation in the sampling capacitor C,. 	 tor directly before by reducing the content of the destination 

FIG. 17 illustrates the schematic diagram of the another 	capacitor Ck index register by one, and charge transfer from a 
version of the apparatus variant at time of starting the charge 	new source capacitor C, to a new destination capacitor Ck is 
transfer from the source capacitor C, to the destination capaci-  50 continued by the use of the current source I. On the other 
tor Ck for i=n and k=n-1. 	 hand, when the voltage Uk on the destination capacitor Ck 

FIG. 18 illustrates the schematic diagram of the another 	observed by the use of the second comparator K2 equals the 
version of the apparatus variant at time of starting the charge 	reference voltage UL value during the transfer of charge from 
accumulation both in the sampling capacitor C, and in the 	the source capacitor C, to the destination capacitor C, the 
capacitor C_1 connected in parallel. 	 55 function of the destination capacitor Ck is assigned by means 

The method according to the invention consists in that the 	of the control module CM on the basis of the output signal of 
time interval, whose both start and whose end are detected by 	the second comparator K2 to the subsequent capacitor in the 
the use of the control module CM, is mapped to a portion of 

	
array A whose capacitance value is twice lower than the 

electric charge proportional to the time interval, while the 	capacitance value of the capacitor that operated as the desti- 
portion of electric charge is delivered during the time interval 6o nation capacitor directly before by reducing the content of the 
by the use of current source I and accumulated in an array A 

	
destination capacitor Ck index register by one, and also the 

of capacitors C_1, C_2, ... , C1, C, whereas a capacitance 	charge transfer from the source capacitor C, to a new desti- 
value of a capacitor of a given index is twice as high as a 	nation capacitor Ck is continued. This process is still con- 
capacitance value of the capacitor of the previous index. 	trolled by means of the control module CM on the basis of the 
Charge accumulation is started from the capacitor C, 1 having 65 output signals of the comparators K1 and K2 until the voltage 
the highest capacitance value in the array A of capacitors and 

	
U~ on the source capacitor C, observed by the use of the first 

is realized from the start of the time interval to the end of the 	comparator K1 equals zero during the period in which the 
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function of the destination capacitor Ck is assigned to the 	the output signals of the comparators Kl and K2 until the 
capacitor Co having the lowest capacitance value in the array 	voltage U~ on the source capacitor C, observed by the use of 
A of capacitors, or the voltage Uo increasing on the capacitor 	the first comparator Kl equals zero during the period in which 
Co and observed at the same time by the use of the second 

	
the function of the destination capacitor Ck is assigned to the 

comparator K2 equals the reference voltage UL value while 5 capacitor Co having the lowest capacitance value in the array 
the value one is assigned to these bits b„_1, b„_2, ... , b1, bo in 

	
A of capacitors, or the voltage U0, which increases on the 

the digital word corresponding to the capacitors C„_1, 	capacitor Co and is simultaneously observed by the use of the 
C„_2, .... C1, Co in the array A of capacitors on which the 	second comparator K2, equals the reference voltage UL value. 
voltage equal to the reference voltage UL value has been 

	
In the another variant of the method, after detecting the end 

obtained, and the value zero is assigned to the other bits by io of the time interval by means of the control module CM and 
means of the control module CM. 	 after writing the values of indexes of relevant capacitors to the 

In the another variant of the method, electric charge is 	source capacitor C, index register and to the destination 
delivered by the use of the current source I and accumulated 

	
capacitor Ck index register by means of the control module 

in the sampling capacitor C„ during the time interval, whose 
	

CM, the process of charge redistribution is realized during 
both start and end are detected by means of the control mod-  15 which charge is transferred from the source capacitor C, to the 
ule CM, and after detecting the end of the time interval by 

	
destination capacitor Ck by the use of the additional current 

means of the control module CM, the function of the source 	source J whose effectiveness is different from the effective- 
capacitor C, whose index is defined by the content of the 	ness of the current source I while it is preferred to use the 
source capacitor C, index register in the control module CM is 	additional current source J whose effectiveness is higher than 
assigned by means of the control module CM to the sampling 20 the effectiveness of the current source I. The process of charge 
capacitor C„ by writing the value of the index of the sampling 	redistribution is controlled by means of the control module 
capacitor C„ to the source capacitor C, index register, and also 

	
CM on the basis of the output signals of the comparators Kl 

the function of the destination capacitor Ck whose index is 	and K2 until the voltage U~ on the source capacitor C, 
defined by the content of the destination capacitor Ck index 	observed by the use of the first comparator Kl equals zero 
register in the control module CM is assigned by means of the 25 during the period in which the function of the destination 
control module CM to the capacitor C„_1 having the highest 	capacitor Ck is assigned to the capacitor Co having the lowest 
capacitance value in the array A of capacitors by writing the 	capacitance value in the array A of capacitors, or the voltage 
value of the index of the capacitor C„_1 to the destination 

	
U0, which increases on the capacitor Co and is simultaneously 

capacitor Ck index register. Next, the process of electric 	observed by the use of the second comparator K2, equals the 
charge transfer from the source capacitor C, to the destination so reference voltage UL value. 
capacitor Ck is realized by the use of the current source I. This 

	
In the another variant of the method, electric charge is 

process is controlled by means of the control module CM on 
	

delivered by the use of the current source I and is accumulated 
the basis of the output signals of the comparators Kl and K2 

	
in the sampling capacitor C„ during the time interval whose 

until the voltage U~ on the source capacitor C, observed by the 
	

both start and end are detected by means of the control mod- 
use of the first comparator Kl equals zero during the period in 35 ule CM. After detecting the end of the time interval by means 
which the function of the destination capacitor Ck is assigned 

	
of the control module CM, the function of the source capaci- 

to the capacitor Co having the lowest capacitance value in the 	tor C, whose index is defined by the content of the source 
array A of capacitors, or the voltage U0, which increases on 	capacitor C, index register in the control module CM is 
the capacitor Co and is simultaneously observed by the use of 

	
assigned by means of the control module CM to the sampling 

the second comparator K2, equals the reference voltage UL 40 capacitor C„ by writing the value of the index of the sampling 
value. 	 capacitor C„ to the source capacitor C, index register, and also 

In the another variant of the method, electric charge is 	the function of the destination capacitor Ck whose index is 
delivered by the use of the current source I and is accumulated 

	
defined by the content of the destination capacitor Ck index 

during the time interval whose both start and end are detected 
	

register in the control module CM is assigned by means of the 
by means of the control module CM in the capacitor C„_1 45 control module CM to the capacitor C„_1 having the highest 
having the highest capacitance value in the array A of capaci- 	capacitance value in the array A of capacitors by writing the 
tors and at the same time in the sampling capacitor C„ con- 	value of the index of the capacitor C„_1 to the destination 
nected in parallel to the capacitor C„_1 in the array A of 

	
capacitor index register. After that, the process of redistribu- 

capacitors where the capacitance value of the sampling 	tion of accumulated electric charge is realized during which 
capacitor C„ is not smaller than the capacitance value of the 50 charge is transferred from the source capacitor C, to the des- 
capacitor C„_1. After detecting the end of the time interval by 	tination capacitor Ck by the use of the additional current 
means of the control module CM, the function of the source 	source J whose effectiveness is different from the effective- 
capacitor C, whose index is defined by the content of the 	ness of the current source I while it is preferred to use the 
source capacitor C, index register in the control module CM is 	additional current source J whose effectiveness is higher than 
assigned by means of the control module CM to the sampling 55 the effectiveness of the current source I. This process is con- 
capacitor C„ by writing the value of the index of the sampling 	trolled by means of the control module CM on the basis of the 
capacitor C„ to the source capacitor C, index register, and also 	output signals of the comparators Kl and K2 until the voltage 
the function of the destination capacitor Ck whose index is 

	
U~ on the source capacitor C, observed by the use of the first 

defined by the content of the destination capacitor Ck index 	comparator Kl equals zero during the period in which the 
register in the control module CM is assigned by means of the 60 function of the destination capacitor Ck is assigned to the 
control module CM to the capacitor C„_1 in the array A of 

	
capacitor Co having the lowest capacitance value in the array 

capacitors by writing the value of the index of the capacitor 
	

A of capacitors, or the voltage U0, which increases on the 
C„_ 1 in the array A of capacitors to the destination capacitor Ck 	capacitor Co and is simultaneously observed by the use of the 
index register. After that, the process of the charge transfer 	second comparator K2, equals the reference voltage UL value. 
from the source capacitor C, to the destination capacitor Ck is 65 	In the another variant of the method, electric charge is 
realized by the use of the current source I. This process is 

	
delivered by the use of the current source I and is accumulated 

controlled by means of the control module CM on the basis of 
	

during the time interval whose both start and end are detected 
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by means of the control module CM in the capacitor C„_1 
having the highest capacitance value in the array A of capaci-
tors and at the same time in the sampling capacitor C, con-
nected in parallel to the capacitor C„_i in the array A of 
capacitors where the capacitance value of the sampling 5 
capacitor C, is not smaller than the capacitance value of the 
capacitor C„_i . 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 io 
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 Ck whose index is 
defined by the content of the destination capacitor Ck index 15 
register in the control module CM is assigned by means of the 
control module CM to the capacitor C„_ i 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 Ck 
index register. After that, the process of redistribution of 20 
accumulated charge is realized during which charge is trans-
ferred from the source capacitor C, to the destination capaci-
tor Ck 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 25 
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 30 
equals zero during the period in which the function of the 
destination capacitor Ck is assigned to the capacitor Co having 
the lowest capacitance value in the array A of capacitors, or 
the voltage U0, which increases on the capacitor Co and is 
simultaneously observed by the use of the second comparator 35 
K2, equals the reference voltage UL 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 40 
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 com-
parator K1 whose inputs are connected to one pair of outputs 
of the array A of capacitors, and the other control input In2 of 45 
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 UDD, the source of auxiliary voltage UH together with 
the source of the reference voltage UL and the controlled 50 
current source I are connected to the arrayA of capacitors, and 
the control input of the controlled current source I is con-
nected to the control output AI of the control module CM. 

The array A in this variant of the apparatus comprises a 
number of n capacitors C„_1, C„_2, ... , C1, Co, and a capaci- 55 
tance 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 b„_1, b„_2, ... , b1, bo in the digital output 
B of the control module CM is assigned to each capacitor 
C„_1, C„_2, ... , C1, Co. The top plate of the capacitor C„_1 60 
having the highest capacitance value in the array A of capaci-
tors is connected through the closed first on-off switch SL„_1 
to the first rail L with which the top plates of the other 
capacitors C„_2, .... C1, Co in the array A of capacitors are 
connected through the open first on-off switches SL„_2, .... 65 
SLI, SLO, while the top plate of the capacitor C„_1 is also 
connected through the closed second on-off switch SH _ l to 
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the second rail H with which the top plates of the other 
capacitors C„_z, .... C1, Co in the array A are connected 
through the open second on-off switches Sx -2..... Sail Sao. 
The bottom plate of the capacitor C„_i is connected to the 
ground of the circuit through the change-over switch SG„_1 
whose moving contact is connected to its first stationary 
contact and the other stationary contact of the change-over 
switch SG„_ i is connected to the source of auxiliary voltage 
UH and also to the non-inverting input of the first comparator 
K1. The bottom plates ofthe other capacitors C„_z, ... , C1, Co 
in the array A are connected to the source of auxiliary voltage 
UH through the change-over switches SG„_2, ... , Simi, Sao 
whose moving contacts are connected to their other stationary 
contacts, and the first stationary contacts of the change-over 
switches SG„_2, ... , Simi, Sao 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 SG,,, and to the non-inverting input of the second 
comparator K2 whose inverting input is connected to the 
source of the reference voltage UL, 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 SL„_ i, 
Si„-2, • • • , SL , Sm and the control inputs of the change-over 
switches SGn-1, SGn-2. .... SG1, SGQ in the arrayA are coupled 
together and connected to the relevant control outputs I„_i, 
I„-2, ... , 11, to of the set of control outputs E of the control 
module CM, while the control inputs of the second on-off 
switches Sx -v Sx -v .... Sav Sao and the control input of 
the first rail on-off switch SG,,, are connected to the relevant 
control outputs D, 1, D„_z, ... , D1, Do and D,11 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 UDD through the current source change-over switch Sr 
whose moving contact is connected to its first stationary 
contact, and the other stationary contact of the current source 
change-over switch Sr 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 SI is connected to the control output AS of the control 
module CM. 

In the another version of this apparatus variant, the sam-
pling 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 SL„ and 
also it is connected to the second rail H through the open 
second on-off switch SH . 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 con-
nected to its first stationary contact, and the other stationary 
contact of the change-over switch SG, is connected to the 
source of auxiliary voltage UH, and the control input of the 
first on-off switch SL„ 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 SH is connected to 
the control output D„ ofthe control module CM. Furthermore, 
the top plate of the capacitor C„_1 having the highest capaci-
tance value in the array A of capacitors is connected to the first 
rail L through the open first on-off switch SL„_1 and to the 
second rail H through the closed second on-off switch SH _l, 
while the bottom plate ofthe capacitor C„_ 1 is connected to the 
source of auxiliary voltage UH through the change-over 
switch Sg„_1 whose moving contact is connected to its other 
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stationary contact, whereas the first stationary contact of the 	comparator K2 whose inverting input is connected to the 
change-over switch SG„_ 1  is connected to the ground of the 	source of the reference voltage UL, while the second rail H is 
circuit. 	 connected to the inverting input of the first comparator Kl. 

In the another version of this apparatus variant, the sam- 	Moreover, the control inputs of the first on-off switches SL„_l, 
pling capacitor C, is connected to the array A of capacitors 5 S, ... , SLI, SLO and the control inputs of the change-over 
where the capacitance value of the sampling capacitor C, is 	switches SGn-1, SGn-2..... SG1, Scoin the arrayA are coupled 
not smaller than the capacitance value of the capacitor C„_ 1 	together and connected to the relevant control outputs I„_l, 
having the highest capacitance value in the array A of capaci- 	I„-2, ... , I 1 , Io  of the set of control outputs E of the control 
tors, while the sampling capacitor C, is connected in parallel 

	
module CM, while the control inputs of the second on-off 

to the capacitor C„_ 1  in the array A of capacitors through the io switches Sx  -,, Sx -2..... Sai, Sao and the control input of 
first rail L and through the ground of the circuit in a way that 

	
the first rail on-off switch SG,,, are connected to the relevant 

the top plate of the sampling capacitor C, is connected to the 	control outputs D„_ 1, D„_ 2, ... , D1 , Do  and D,11  of the set of 
first rail L through the closed first on-off switch SL,,, and on 	control outputs E of the control module CM. Furthermore, 
the other hand, the bottom plate of the sampling capacitor C, 	one end of the current source I is connected to the voltage 
is connected to the ground of the circuit through the change-  15 supply UDD,  and the other end of the current source I is 
over switch SG, whose moving contact is connected to its first 	connected to the first rail L with which also the other end of 
stationary contact, and the other stationary contact of the 	the additional current source J is connected, whereas one end 
change-over switch SG, is connected to the source of auxil- 	of the additional current source J is connected to the second 
iary voltage UH. Moreover, the top plate of the sampling 	rail H, and the control input of the current source I is con- 
capacitor C, is connected also to the second rail H through the 20 nected to the control output AI  of the control module CM 
open second on-off switch SH  , whereas the control input of 

	
while the control input of the additional current source J is 

the first on-off switch SL, and the control input of the change- 	connected to the control output AJ  of the control module CM. 
over switch SG, are coupled together and connected to the 

	
In the another version of this apparatus variant, the sam- 

control output I, of the control module CM, and the control 
	

pling capacitor C„ is connected to the array A of capacitors, 
input of the second on-off switch SH  is connected to the 25 while the top plate of the sampling capacitor C„ is connected 
control output D, of the control module CM. 	 to the first rail L through the closed first on-off switch SL„ and 

In the another variant of the apparatus, a controlled addi- 	also it is connected to the second rail H through the closed 
tional current source J is connected to the array A of capaci- 	second on-off switch SH  . The bottom plate of the sampling 
tors whereas the effectiveness of the additional current source 	capacitor C„ is connected to the ground of the circuit through 
J is different from the effectiveness of the current source I 30 the change-over switch SG, whose moving contact is con- 
while it is preferred to use the additional current source J 

	
nected to its first stationary contact, and the other stationary 

whose effectiveness is higher than the effectiveness of the 	contact of the change-over switch SG, is connected to the 
current source I, and the control input of the additional current 	source of auxiliary voltage UH, and the control input of the 
source J is connected to the control output AJ  of the control 

	
first on-off switch SL„ and the control input of the change- 

module CM. 	 35 over switch SG, are coupled together and connected to the 
The array A of capacitors in this variant of the apparatus 	control output I„ of the control module CM, whereas the 
comprises a number ofn capacitors C„_ 1 , C„_ 2, ... , C1 , Co, and 

	
control input of the second on-off switch SH  is connected to 

a capacitance value of a capacitor of a given index is twice as 	the control output D„ of the control module CM. On the other 
high as a capacitance value of the capacitor of the previous 

	
hand, the top plate of the capacitor C„_1  having the highest 

index, while a relevant bit b„_l, b„_ 2, .... b 1 , bo  in the digital 40 capacitance value in the array A of capacitors is connected to 
output B of the control module CM is assigned to each capaci- 	the first rail L through the open first on-off switch SL„_ 1  and to 
tor C„_ 1 , C„_2, .... C1, Co. The top plate of the capacitor C„_ 1 	the second rail H through the open second on-off switch 
having the highest capacitance value in the array A of capaci- 	SH  _ 1, while the bottom plate of the capacitor C„_ 1  is con- 
tors is connected through the closed first on-off switch SL„_1 	nected to the source of auxiliary voltage UH  through the 
to the first rail L with which the top plates of the other 45 change-over switch SG„_ 1  whose moving contact is connected 
capacitors C„_2, .... C1, Co  in the array A of capacitors are 	to its other stationary contact, whereas the first stationary 
connected through the open first on-off switches SL„_2, ... , 	contact of the change-over switch Smi„_ 1  is connected to the 

SLI, SLO, while the top plate of the capacitor C„_ 1  is also 	ground of the circuit. 
connected through the closed second on-off switch SH  _ l  to 

	
In the another version of this apparatus variant, the sam- 

the second rail H with which the top plates of the other 50 pling capacitor C„ is connected to the array A of capacitors 
capacitors C„_2, .... C1, Co  in the array A are connected 

	
where the capacitance value of the sampling capacitor C„ is 

through the open second on-off switches Sx  -2..... Sail Sao. 	not smaller than the capacitance value of the capacitor C„_ 1  
The bottom plate of the capacitor C„_1  is connected to the 

	
having the highest capacitance value in the array A of capaci- 

ground of the circuit through the change-over switch SG„_ 1 	tors, while the sampling capacitor C„ is connected in parallel 
whose moving contact is connected to its first stationary 55 to the capacitor C„_ 1  in the array A of capacitors through the 
contact and the other stationary contact of the change-over 

	
first rail L and through the ground of the circuit in a way that 

switch SG„_ 1  is connected to the source of auxiliary voltage 	the top plate of the sampling capacitor C„ is connected to the 
UH  and also to the non-inverting input of the first comparator 

	
first rail L through the closed first on-off switch SL,,, and on 

Kl. The bottom plates of the other capacitors C„_ 2, ... , C1 , Co 	the other hand, the bottom plate of the sampling capacitor C„ 
in the array A are connected to the source of auxiliary voltage 60 is connected to the ground of the circuit through the change- 
UH  through the change-over switches SG2, ... , SG  , Sao 	over switch SG, whose moving contact is connected to its first 
whose moving contacts are connected to their other stationary 	stationary contact, and the other stationary contact of the 
contacts, and the first stationary contacts of the change-over 	change-over switch SG, is connected to the source of auxil- 
switches Sue„_ 2, ... , SG1, Sao  are connected to the ground of 

	
iary voltage UH. Moreover, the top plate of the sampling 

the circuit. On the other hand, the first rail L is connected to 65 capacitor C„ is connected also to the second rail H through the 
the ground of the circuit through the open first rail on-off 

	
closed second on-off switch SH  , whereas the control input of 

switch S,,, and to the non-inverting input of the second 
	

the first on-off switch SL„ and the control input of the change- 
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over switch SG, are coupled together and connected to the 	control module CM assigns the function of the charge col- 
control output I, of the control module CM, and the control 

	
lecting capacitor Cx  to the capacitor C„_1  having the highest 

input of the second on-off switch SH  is connected to the 	capacitance value in the array A where the index of the charge 
control output D, of the control module CM while the top 	collecting capacitor Cx  is defined by the content of the desti- 
plate of the capacitor C„_1  having the highest capacitance 5 nation capacitor Ck  index register in the control module CM 
value in the array A of capacitors is connected to the first rail 

	
by writing the value of the index of the capacitor C„_ 1  to the 

L through the closed first on-off switch 	and also to the 
	

destination capacitor Ck  index register (FIG. 3). The electric 
second rail H through the open second on-off switch SH  _l, 

	charge delivered by the use of the current source I is accumu- 
whereas the bottom plate of the capacitor C„_ 1  is connected to 

	
lated at first in the capacitor C„_ 1  in the array A which is the 

the ground of the circuit through the change-over switch io only capacitor connected at that time to the other end of the 
SG„_ 1  whose moving contact is connected to its other station- 	current source I through the first rail L and through the closed 
ary contact, whereas the first stationary contact of the change- 	first on-off switch SL„_ 1. Accumulation of charge in the 
over switch SG„_ 1  is connected to the source of auxiliary 	capacitor Cx  causes a progressive increase of the voltage Ux  
voltage UH. 	 on that capacitor. The voltage Ux  is compared to the reference 
The apparatus according to the invention operates as follows. 15 voltage UL  of a fixed value by the second comparator K2. 
Between successive cycles of conversion of time intervals to 

	
When the voltage Ux  on the capacitor C,  in which the charge 

digital words having a number of bits equal to n, the control 
	

is accumulated, reaches the reference voltage UL  value during 
module CM keeps the apparatus in the state of relaxation 	the converted time interval, the control module CM assigns 
during which the control module CM causes, by means of the 	the value one to the bit bx  of the digital word on the output B 
control signals provided on the outputs I„, I, ... , Il, Io, the 20 of the apparatus on the basis of the output signal of the second 
closure of the first on-off switches SL„_l, SL„_2, • • • , SLV SLo 

	comparator K2. At the same time, the control module CM 
and thereby the connection of the top plates of all the capaci- 	causes, by means of the control signal provided on the output 
tors C, 1, C„_2, .... C1 , Co  in the array A to the first rail Land 

	
Ix, the opening of the first on-off switch SLx  and thereby the 

also the switching of the change-over switches SG„_ l, 	disconnection of the top plate of the charged capacitor Cx  
SG„-2, • • • , SG1, SGQ  and thereby the connection of thebottom 25 from the first rail L, and also the concurrent switching of the 
plates of the capacitors C„_1, C„_ 2, .... C1 , Co  to the ground of 

	
change-over switch Six  and thereby the connection of the 

the circuit. On the other hand, by means of the control signal 
	

bottom plate of the capacitor Cx  to the source of auxiliary 
provided on the output D,11, the control module CM causes 	voltage UH. Next, by reduction of the content of the destina- 
the closure of the first rail on-off switch SG,,, and thereby the 	tion capacitor Ck  index register by one, the control module 
connection of the first rail L to the ground of the circuit 30 CM assigns the function of the charge collecting capacitor Cx  
enforcing in this way a complete discharge of the capacitors 	to the subsequent capacitor in the array A having the capaci- 
C„_1, C„_2, ... , C1 , Co  in the array A. Afterwards, the control 

	
tance value twice as lower as the capacitance value of the 

module CM causes, by means of the control signal provided 
	

capacitor which acted as the charge collecting capacitor 
on the output D„_ 1, the closure of the second on-off switch 

	
directly before. Afterwards, the control module CM causes, 

SH  _ l  and thereby the connection of the second rail H to the 35 by means of the control signal provided on the output Ix, the 
first rail L and to the ground of the circuit which prevents the 	closure of the first on-off switch SLx  and thereby the connec- 
occurrence of a random potential on the second rail H. At the 	tion of the top plate of the capacitor Cx  through the first rail L 
same time, the control module CM causes, by means of the 	to the other end of the current source I, and also the concurrent 
control signals provided on the outputs D„_2, ... , D1 , Do, the 	switching of the change-over switch Six  and thereby the 
opening of the second on-off switches Sx -2..... Sav Sao• 40 connection of the bottom plate of the capacitor Cx  to the 
Moreover, by means of the control signal provided on the 	ground of the circuit. The electric charge delivered by the use 
output Al  the control module CM causes the switching off the 	of the current source I is then accumulated in the subsequent 
current source I while, by means of the control signal pro- 	capacitor Cx  which is the only capacitor connected at that time 
vided on the output A,  the control module CM causes the 	to the other end of the current source I through the first rail L 
switching of the current source change-over switch SI, and 45 and through the closed first on-off switch SLx  (FIG. 4). Each 
thereby the connection of the one end of the current source I 

	
time the voltage Ux  increasing on the capacitor Cx  reaches the 

to the voltage supply UDD  (FIG. 2). 	 reference voltage UL  value during the converted time interval, 
As soon as the control module CM detects the start of the time 	which is signaled to the control module CM by the second 
interval signaled on the time interval signal input InT of the 	comparator K2, the cycle is repeated again with the subse- 
apparatus, the control module CM causes, by means of the 5o quent capacitor in the array A having the capacitance value 
control signal provided on the output D,11, the opening of the 	twice as lower as the capacitance value of the capacitor which 
first rail on-off switch Smo,a  and thereby the disconnection of 

	
acted as the charge collecting capacitor directly before. 

the first rail L from the ground of the circuit. At the same time, 	When the control module CM detects the end of converted 
the control module CM causes, by means of the control sig- 	time interval signaled on the time interval signal input InT of 
nals provided on the outputs I„_ 2, .... I 1 , I0 , the opening of the 55 the apparatus during the accumulation of charge in the capaci- 
first on-off switches SL„_2, ... , SL1, SLO and thereby the 	tor C,  the control module CM causes, by means of the control 
disconnection of the top plates of the capacitors C„_2, ... , C1 , 	signal provided on the output Ix, the opening of the first on-off 
Co  in the array A from the first rail L and also the switching of 

	
switch SLx  and thereby the disconnection of the top plate of 

the change-over switches SF„_ 2, ... , SG1, Sao  and thereby the 	the capacitor Cx  from the first rail L, and also the concurrent 
connection of the bottom plates of the capacitors C„_ 2, ... , C1 , 60 switching of the change-over switch Six  and thereby the 
Co  to the source of auxiliary voltage UH. At the same time, by 	connection of the bottom plate of the capacitor Cx  to the 
means of the control signal provided on the output AI  the 	source of auxiliary voltage UH. At the same time, the control 
control module CM causes the switching on the current 	module CM causes, by means of the control signal provided 
source I. At the same time, the control module CM deactivates 	on the output D„_ 1, the opening of the second on-off switch 
the signal provided on the complete conversion signal output 65 5H,1  and thereby the disconnection of the top plate of the 
OutR and assigns the initial value zero to all the bits b„_ 1 , 	capacitor C„_1  from the second rail H. At the same time, the 
b„_ 2, .... bl, bo  in the digital word. At the same time, the 	control module CM causes, by means of the control signal 
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provided on the output A, the switching of the current source 	switch SLk and thereby the disconnection of the top plate of 
change-over switch SI, and thereby the connection of the one 	the destination capacitor Ck from the first rail L, and also the 
end of the current source I to the second rail H. Next, by 	concurrent switching of the change-over switch SGk and 
writing the content of the destination capacitor Ck index reg- 	thereby the connection of the bottom plate of the destination 
ister to the source capacitor C, index register in the control 5 capacitor Ck to the source of auxiliary voltage UH. Next, the 
module CM, the control module CM assigns the function of 

	
control module CM, on the basis of the output signal of the 

the source capacitor C~, whose index is defined by the content 
	

first comparator Kl by writing the current content of the 
of the source capacitor C, index register, to the capacitor Cx 	destination capacitor Ck index register to the source capacitor 
which accumulated charge as the last capacitor. At the same 

	
C, index register, assigns the function of the source capacitor 

time, the control module CM causes, by means of the control io C, to the capacitor that until now has acted as the destination 
signal provided on the output D~, the closure of the second 

	
capacitor Ck, and after that, the control module CM causes, by 

on-off switch SHE, and thereby the connection of the top plate 	means of the control signal provided on the output D~, the 
of the source capacitor C, to the second rail H. Afterwards, by 	closure of the second on-off switch SHE and thereby the con- 
reduction of the content of the destination capacitor Ck index 	nection of the top plate of a new source capacitor C, to the 
register by one, the control module CM assigns the function 15 second rail H. Afterwards, by reduction of the content of the 
of the destination capacitor Ck, whose index is defined by the 

	
destination capacitor Ck index register by one, the control 

content of the destination capacitor Ck index register in the 	module CM assigns the function of the destination capacitor 
control module CM, to the subsequent capacitor in the array 

	
Ck, whose index is defined by the content of the destination 

A, whose capacitance value is twice as lower as the capaci- 	capacitor Ck index register in the control module CM, to the 
tance value of the source capacitor C. Then, the control 20 subsequent capacitor in the array A, whose capacitance value 
module CM causes, by means of the control signal provided 

	
is twice as lower as the capacitance value of the capacitor 

on the output Ik, the closure of the first on-off switch SLk and 
	

which acted as the destination capacitor directly before. After 
thereby the connection of the top plate of the destination 	that, the control module CM causes, by means of the control 
capacitor Ck to the first rail L, and also the concurrent switch- 	signal provided on the output Ik, the closure of the first on-off 
ing of the change-over switch SGk and thereby the connection 25 switch SLk and thereby the connection of the top plate of the 
of the bottom plate of the destination capacitor Ck to the 

	
destination capacitor Ck to the first rail L, and also the con- 

ground of the circuit. The charge accumulated in the source 	current switching of the change-over switch SGk and thereby 
capacitor C, is transferred by the use of the current source I 

	
the connection of the bottom plate of the new destination 

through the second rail H and through the first rail L to the 	capacitor Ck to the ground of the circuit. In both cases the 
destination capacitor Ck (FIG. 5) while the voltage U~ on the 30 control module CM continues to control the process of charge 
source capacitor C, progressively decreases, whereas at the 	transfer on the basis of the output signals of both comparators 
same time the voltage Uk on the destination capacitor Ck 	Kl and K2. Each occurrence of the active state on the output 
progressively increases during the charge transfer. 	 of the second comparator K2 causes the assignment of the 
In case when the voltage Uk on the current destination capaci- 	function of the destination capacitor Ck to the subsequent 
tor Ck reaches the reference voltage UL value during the 35 capacitor in the array A, whose capacitance value is twice as 
charge transfer, the control module CM on the basis of the 

	
lower as the capacitance value of the capacitor which acted as 

output signal of the second comparator K2 assigns the value 	the destination capacitor directly before. On the other hand, 
one to the relevant bit bk in the digital word, and the control 

	
each occurrence of the active state on the output of the first 

module CM causes, by means of the control signal provided 
	

comparator Kl causes the assignment of the function of the 
on the output Ik, the opening of the first on-off switch SLk and 40 source capacitor C, to the capacitor that until now has acted as 
thereby the disconnection of the top plate of the destination 	the destination capacitor Ck, and at the same time the assign- 
capacitor Ck from the first rail L, and also the concurrent 	ment of the function of the destination capacitor Ck to the 
switching of the change-over switch SGk and thereby the 	subsequent capacitor in the array A whose capacitance value 
connection of the bottom plate of the destination capacitor Ck 	is twice as lower as the capacitance value of the capacitor 
to the source of auxiliary voltage UH. Afterwards, by reduc-  45 which acted as the destination capacitor directly before. 
tion of the content of the destination capacitor Ck index reg- 	The process of charge redistribution is terminated when the 
ister by one, the control module CM assigns the function of 

	
capacitor Co having the lowest capacitance value in the array 

the destination capacitor Ck to the subsequent capacitor in the 
	

A stops to act as the destination capacitor Ck. Such situation 
array A, whose capacitance value is twice as lower as the 	occurs when the active state appears on the output of the first 
capacitance value of the capacitor which acted as the desti-  50 comparator Kl or on the output of the second comparator K2 
nation capacitor directly before. After that, the control mod- 	during charge transfer to the capacitor Co. When the active 
ule CM causes, by means of the control signal provided on the 	state appears on the output of the second comparator K2, the 
output Ik, the closure of the first on-off switch SLk and thereby 	control module CM assigns the value one to the bit b0. 
the connection of the top plate of a new destination capacitor 

	
After termination of redistribution of charge accumulated in 

Ck to the first rail L, and also the concurrent switching of the 55 the capacitor Cx which is the last capacitor accumulating the 
change-over switch SGk and thereby the connection of the 	charge delivered by the use of the current source I during the 
bottom plate of the destination capacitor Ck to the ground of 

	
converted time interval and after assigning the corresponding 

the circuit. 	 values to the bits b„_1, b„_2, .... b1, bo in the output digital 
In case when the voltage U~ on the source capacitor C, reaches 	word, the control module CM activates the signal provided on 
the value zero during the charge transfer, the control module 60 the complete conversion signal output OutR and causes intro- 
CM, on the basis of the output signal of the first comparator 

	
duction of the apparatus into the relaxation phase by switch- 

Kl causes, by means of the control signal provided on the 
	

ing off the current source I, the switching of the current source 
output D, the opening of the second on-off switch SHE and 

	
change-over switch S, and thereby the connection of the one 

thereby the disconnection of the top plate of the source 	end of the current source Ito the voltage supply UDD, also the 
capacitor C, from the second rail H. At the same time, the 65 closure of the first on-off switches SL„_l, SL, 2, • • • , SLI, SL0 
control module CM causes, by means of the control signal 

	
and thereby the connection of the top plates of all the capaci- 

provided on the output Ik, the opening of the first on-off 
	

tors C, 1, C„_2, .... C1, Co in the arrayA to the first rail L, and 
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also the concurrent switching of the change-over switches 

SG, 1, SG 2. • • • . Scv Sco to positions connecting the bottom 
plates of the capacitors C„_1, C„_2, .... C1, Co to the ground of 
the circuit. At the same time, the control module causes the 
closure of the first rail on-off switch SG,,, and thereby the 5 
connection of the first rail L to the ground of the circuit, 
enforcing a complete discharge of the capacitors C„_1, 
C„_2, .... C1, Co in the array A, and also the opening of the 
second on-off switches Sx -2..... Sav Sao in the array A, the 
closure of the second on-off switch SH _ l and thereby the io 
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. 

The operation of the another version of this apparatus 
variant consists in that during the time in which the apparatus 15 
is kept in the state of relaxation, the control module CM 
causes the connection of the top plate of the sampling capaci-
tor C„ and the connection of the top plates of the capacitors 
C„_1, C„_2, ... , C1, Co in the arrayA to the first rail L, and the 
connection of the bottom plate of the sampling capacitor C„ 20 
and the connection of the bottom plates of the capacitors C, 1, 
C„_2, ... , C1, 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 25 
the capacitors C„_1, C„_2 ... , C1, 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 D,11, the opening of the first rail on-off 30 
switch SG,,, 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 I„_1, I„_2, ... , I1, Io, the opening of the first 
on-off switches SL„_1, SL„_2, .... SLI, SLO and thereby the 35 
disconnection of the top plates of the capacitors C„_1, 
Ci_2, .... C1, Co in the arrayA from the first rail L and also the 
switching of the change-over switches Sma„_1, SG„_2, ... , SG1, 
Sao and thereby the connection of the bottom plates of the 
capacitors C„_1, C„_2, .... C1, Co to the source of auxiliary 40 
voltage UH. At the same time, by means of the control signal 
provided on the output Al, 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 ini- 45 
tial value zero to all the bits b, 1, b„_2, .... b 1, bo 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 inter-
val to the other end of the current source I through the first rail 50 
L and through the closed first on-off switch SL,,. When the 
control module CM detects the end of the converted time 
interval signaled on the time interval signal input InT of the 
apparatus, the control module CM causes, by means of the 
control signal provided on the output I,,, the opening of the 55 
first on-off switch SL„ 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 sam-
pling capacitor C„ to the source of auxiliary voltage UH. At 60 
the same time, the control module CM causes, by means of 
the control signal provided on the output D„_ 1, the opening of 
the second on-off switch SH _1 and thereby the disconnection 
of the top plate of the capacitor C„_1 in the array A from the 
second rail H (FIG. 8). At the same time, the control module 65 
CM causes, by means of the control signal provided on the 
output AS, the switching of the current source change-over 

switch SI and thereby the connection of the one end of the 
current source Ito the second rail H. Next, the control module 
CM assigns the function of the source capacitor C, to the 
sampling capacitor C„ by writing the value of the index of the 
sampling capacitor C„ to the source capacitor C, index regis-
ter in the control module CM. Next, the control module CM 
causes, by means of the control signal provided on the output 
D~, the closure of the second on-off switch SHE 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 Ck 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„_ 1 
to the destination capacitor Ck index register in the control 
module CM. Then, the control module CM causes, by means 
of the control signal provided on the output Ik, the closure of 
the first on-off switch SLk and thereby the connection of the 
top plate of the destination capacitor Ck to the first rail L, and 
also the concurrent switching of the change-over switch Six 
and thereby the connection of the bottom plate of the desti-
nation capacitor Ck to the ground of the circuit. Next, the 
control module CM starts to control the process of redistri-
bution of accumulated charge. This process is terminated 
when the capacitor Co having the lowest capacitance value in 
the array A stops to act as the destination capacitor Ck. 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 capaci-
tor C„ and the top plates of the capacitors C„_1, C„_2, ... , C1, 
Co in the array A to the first rail L, and the connection of the 
bottom plate of the sampling capacitor C„ and the bottom 
plates of the capacitors C„_1, C„_2, .... C1, 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 C„_1, C„_2, ... , C1, 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 D,11, the 
opening of the first rail on-off switch SG,,, 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 I„_2, ... , I1, I0, the 
opening of the first on-off switches SL„_2, ... , SL1, SLO and 
thereby the disconnection of the top plates of the capacitors 
C„_2, .... C1, Co in the arrayA from the first rail L and also the 
switching of the change-over switches SG„_2, ... , SG1, Sao 
and thereby the connection of the bottom plates of the capaci-
tors C„_2, .... C1, Co to the source of auxiliary voltage UH. At 
the same time, by means of the control signal provided on the 
output Al, the control module CM causes the switching on the 
current source I (FIG. 9). At the same time, the control module 
CM deactivates the signal provided on the complete conver-
sion signal output OutR and assigns the initial value zero to all 
the bits b„_1, b„_2, .... bl, bo in the digital word. The electric 
charge delivered by the use of the current source I is accumu-
lated in the capacitor C„_1 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„_1 in the 
array A of capacitors. The sampling capacitor C„ and the 
capacitor C„_1 in the array A are the only capacitors that are 
connected during the converted time interval to the other end 
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of the current source I through the first rail L and through the 
closed first on-off switches SL,,, and SL„_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 5 
control signal provided on the output I,,, the opening of the 
first on-off switch SL, 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 sam- io 
pling capacitor C, to the source of auxiliary voltage UH. 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 SH _ l and thereby the disconnection 
of the top plate of the capacitor C„_1 in the array A from the 15 
second rail H (FIG. 8). At the same time, the control module 
CM causes, by means of the control signal provided on the 
output AS, the switching of the change-over switch SI 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 20 
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 25 
the second on-off switch SHE 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 Ck to the capacitor C„_ 1 having the high-
est capacitance value in the array A by writing the value of the 30 
index of the capacitor C„_1 to the destination capacitor Ck 
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 Co having the lowest capacitance value in the array 35 
A stops to act as the destination capacitor Ck. After that, the 
control module CM activates the signal provided on the com-
plete conversion signal output OutR, and causes introducing 
the apparatus into the relaxation phase again. 

The operation of the another variant of the apparatus con- 40 
sists in that between successive cycles of conversion of time 
intervals to digital words having a number of bits equal to n, 
the control module CM keeps the apparatus in the state of 
relaxation during which the control module CM causes, by 
means of the control signals provided on the outputs I 	45 

1­21 ... , I1, 10, the closure of the first on-off switches SL„_l, 
SL, 2, • • • , SLV SLO and thereby the connection of the top 
plates of all the capacitors C„_1, C„_2, .... C1, Co in the array 
A to the first rail L and also the switching of the change-over 
switches SG„_ l, SG„_2, ... , SGl, SGo and thereby the connec- 50 
tion of the bottom plates of the capacitors C„_1, C„_2, ... , C1, 
Co to the ground of the circuit. On the other hand, by means of 
the control signal provided on the output D,11, the control 
module CM causes the closure of the first rail on-off switch 
SG ,jj and thereby the connection of the first rail L to the 55 
ground of the circuit enforcing in this way a complete dis-
charge of the capacitors C„_1, C„_2, .... C1, Co in the array A. 
Afterwards, the control module CM causes, by means of the 
control signal provided on the output D„_1, the closure of the 
second on-off switch SH _,, and thereby the connection of the 60 
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 out-
puts D„_2, .... D1, Do, the opening of the second on-off 65 
switches Sx -2..... Sai, Sao. Moreover, by means of the 
control signal provided on the output AI, the control module 

CM causes the switching off the current source I, while by 
means of the control signal provided on the output A, the 
control module CM causes the switching off the current 
source J (FIG. 11). 
As soon as the control module CM detects the start of the time 
interval signaled on the time interval signal input InT of the 
apparatus, the control module CM causes, by means of the 
control signal provided on the output D,11, the opening of the 
first rail on-off switch SG , jj 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 sig- 
nals provided on the outputs 	..... I1, I0, the opening of the 
first on-off switches SL„_2, ... , SL1, SLO and thereby the 
disconnection of the top plates of the capacitors C„_2, ... , C1, 
Co in the array A from the first rail Land also the switching of 
the change-over switches SG„_2, ... , SGl, SGo and thereby the 
connection of the bottom plates of the capacitors C„_2, ... , C1, 
Co to the source of auxiliary voltage UH. At the same time, by 
means of the control signal provided on the output AI, the 
control module CM causes the switching on the current 
source I. At the same time, the control module CM deactivates 
the signal provided on the complete conversion signal output 
OutR and assigns the initial value zero to all the bits b„_1, 
b„_2, .... bl, bo in the digital word. At the same time, the 
control module CM assigns the function of the charge col-
lecting capacitor Cx to the capacitor C„_1 having the highest 
capacitance value in the array A where the index of the charge 
collecting capacitor Cx is defined by the content of the desti-
nation capacitor Ck index register in the control module CM 
by writing the value of the index of the capacitor C„_1 to the 
destination capacitor Ck index register (FIG. 12). The electric 
charge delivered by the use of the current source I is accumu-
lated at first in the capacitor C„_1 in the array A which is the 
only capacitor connected at that time to the other end of the 
current source I through the first rail L and through the closed 
first on-off switch SL„_1. Accumulation of charge in the 
capacitor Cx causes a progressive increase of the voltage Ux 
on that capacitor. The voltage Ux is compared to the reference 
voltage UL of a fixed value by the second comparator K2. 
When the voltage Ux on the capacitor C, in which the charge 
is accumulated, reaches the reference voltage UL value during 
the converted time interval, the control module CM assigns 
the value one to the bit bx 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 
Ix, the opening of the first on-off switch SLx and thereby the 
disconnection of the top plate of the charged capacitor Cx 
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 Cx to the source of auxiliary 
voltage UH. Next, by reduction of the content of the destina-
tion capacitor Ck index register by one, the control module 
CM assigns the function of the charge collecting capacitor Cx 
to the subsequent capacitor in the array A having the capaci-
tance value twice as lower as the capacitance value of the 
capacitor which acted as the charge collecting capacitor 
directly before. Afterwards, the control module CM causes, 
by means of the control signal provided on the output Ix, the 
closure of the first on-off switch SLx and thereby the connec-
tion of the top plate of the capacitor Cx 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 Cx 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 Cx which is the only capacitor connected at that time 
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to the other end of the current source I through the first rail L 
and through the closed first on-off switch Six (FIG. 13). Each 
time the voltage Ux increasing on the capacitor Cx reaches the 
reference voltage UL value during the converted time interval, 
which is signaled to the control module CM by the second 
comparator K2, the cycle is repeated again with the subse-
quent capacitor in the array A having the capacitance value 
twice as lower as the capacitance value of the capacitor which 
acted as the charge collecting capacitor directly before. 
When the control module CM detects the end of the converted 
time interval signaled on the time interval signal input InT of 
the apparatus, the control module CM causes, by means of the 
control signal provided on the output A1, 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 
I, the opening of the first on-off switch Six and thereby the 
disconnection of the top plate of the capacitor Cx 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 Cx to the source of auxiliary voltage UH. At the 
same time, the control module CM causes, by means of the 
control signal provided on the output D, 1, the opening of the 
second on-off switch SH _ l and thereby the disconnection of 
the top plate of the capacitor C„_1 from the second rail H. 
Next, by writing the content of the destination capacitor Ck 
index register to the source capacitor C, index register in the 
control module CM, the control module CM assigns the func-
tion of the source capacitor Cgi, whose index is defined by the 
content of the source capacitor C, index register, to the capaci-
tor Cx 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 SHE, 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 Ck index register by one, the control module CM 
assigns the function of the destination capacitor Ck, whose 
index is defined by the content of the destination capacitor Ck 
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 Ik, the closure of the first on-off 
switch SLk and thereby the connection of the top plate of the 
destination capacitor Ck to the first rail L, and also the con-
current switching of the change-over switch SGk and thereby 
the connection of the bottom plate of the destination capacitor 
Ck to the ground of the circuit. Next, the control module CM 
causes, by means of the control signal provided on the output 
A, the switching on the additional current source J. The 
charge accumulated in the source capacitor C, is transferred 
by the use of the additional current source J through the 
second rail H and through the first rail L to the destination 
capacitor Ck (FIG. 14) while the voltage U~ on the source 
capacitor C, progressively decreases whereas at the same time 
the voltage Uk on the destination capacitor Ck progressively 
increases during the charge transfer. 
In case when the voltage Uk on the current destination capaci-
tor Ck reaches the reference voltage UL 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 bk 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 SLk and 
thereby the disconnection of the top plate of the destination 
capacitor Ck from the first rail L, and also the concurrent 
switching of the change-over switch SGk and thereby the 

26 
connection of the bottom plate of the destination capacitor Ck 
to the source of auxiliary voltage UH. Afterwards, by reduc-
tion of the content of the destination capacitor Ck index reg-
ister by one, the control module CM assigns the function of 

5 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 capacitor which acted as the desti-
nation capacitor directly before. After that, the control mod-
ule CM causes, by means of the control signal provided on the 

io output Ik, the closure of the first on-off switch Sik and thereby 
the connection of the top plate of a new destination capacitor 
Ck to the first rail L, and also the concurrent switching of the 
change-over switch SGk and thereby the connection of the 

15 bottom plate of the destination capacitor Ck 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 

20 causes, by means of the control signal provided on the output 
D~, the opening of the second on-off switch SHE 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 

25 output Ik, the opening of the first on-off switch SLk and 
thereby the disconnection of the top plate of the destination 
capacitor Ck 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 Ck 

30 to the source of auxiliary voltage UH. Next, the control mod-
ule CM on the basis of the output signal of the first comparator 
K1 by writing the current content of the destination capacitor 
Ck index register to the source capacitor C, index register, 
assigns the function of the source capacitor C, to the capacitor 

35 that until now has acted as the destination capacitor Ck, 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 SHE and thereby the connection of the 
top plate of a new source capacitor C, to the second rail H. 

4o Afterwards, by reduction of the content of the destination 
capacitor Ck index register by one, the control module CM 
assigns the function of the destination capacitor Ck, whose 
index is defined by the content of the destination capacitor Ck 
index register in the control module CM, to the subsequent 

45 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 Ik, the closure of the first 
on-off switch SLk and thereby the connection of the top plate 

50 of a new destination capacitor Ck 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 desti-
nation capacitor Ck to the ground of the circuit. 
In both cases the control module CM continues the process of 

55 charge redistribution on the basis of the output signals of both 
comparators K1 and K2. Each occurrence of the active state 
on the output of the second comparator K2 causes the assign-
ment of the function of the destination capacitor Ck to the 
subsequent capacitor in the array A whose capacitance value 

60 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 

65 now has acted as the destination capacitor Ck, and at the same 
time the assignment of the function of the destination capaci-
tor Ck to the subsequent capacitor in the array A whose 
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capacitance value is twice as lower as the capacitance value of 

	
the control signals provided on the outputs I 1, I„_2, ... ,11, lo, 

the capacitor which acted as the destination capacitor directly 	the opening of the first on-off switches SL„_1, SL„_2, ... , SL1, 
before. 	 Sio and thereby the disconnection of the top plates of the 
The process of charge redistribution is terminated when the 	capacitors C-11 C_2, .... C1, Co in the array A from the first 
capacitor Co having the lowest capacitance value in the array 5 rail L and also the switching of the change-over switches 
A stops to act as the destination capacitor C. Such situation 

	
SG„-1, SG„-2, • • • , SG1, Sao and thereby the connection of the 

occurs when the active state appears on the output of the first 
	

bottom plates of the capacitors C_1, C_2, .... C1, Co to the 
comparator K1 or on the output of the second comparator K2 

	
source of auxiliary voltage UH. At the same time, by means of 

during charge transfer to the capacitor Co. When the active 	the control signal provided on the output AI, the control 
state appears on the output of the second comparator K2, the io module CM causes the switching on the current source I (FIG. 
control module CM assigns the value one to the bit bo. 	16). At the same time, the control module CM deactivates the 
After termination of redistribution of charge accumulated in 	signal provided on the complete conversion signal output 
the capacitor C which is the last capacitor accumulating the 

	
OutR and assigns the initial value zero to all the bits b„_1, 

charge delivered by the use of the current source I during the 
	

b„_2, .... bl, bo in the digital word. The electric charge 
converted time interval, and after assigning the corresponding 15 delivered by the use of the current source I is accumulated in 
values to the bits b„_1, b„_2, .... bl, bo in the output digital 

	
the sampling capacitor C which is the only capacitor con- 

word, the control module CM activates the signal provided on 	nected during the converted time interval to the other end of 
the complete conversion signal output OutR and causes intro- 	the current source I through the first rail L and through the 
duction of the apparatus into the relaxation phase by switch- 	closed first on-off switch SL . 
ing off the additional current source J, also the closure of the 20 When the control module CM detects the end of the converted 
first on-off switches 5L 1' SL2, ... , SL1, SL0 and thereby the 

	time interval signaled on the time interval signal input InT of 
connection of the top plates of all the capacitors C_1, 	the apparatus, the control module CM causes, by means of the 

C_2, .... C1, Co in the array A to the first rail L, and also the 	control signal provided on the output A~, switching off the 
concurrent switching of the change-over switches SG„_ l, 	current source I. At the same time, the control module CM 

Scn-2~ • • • ~ 5G1' SGO to positions connecting the bottom plates 25 causes by means of the control signal provided on the output 
of all the capacitors C-11 C_2, .... C1, Co to the ground of the 

	
I,,, the opening of the first on-off switch SL„ and thereby the 

circuit. At the same time, the control module causes the clo- 	disconnection of the top plate of the sampling capacitor C 
sure of the first rail on-off switch SG ,jj and thereby the con- 	from the first rail L, and also the concurrent switching of the 
nection of the first rail L to the ground of the circuit, enforcing 	change-over switch SG„ and thereby the connection of the 
a complete discharge of the capacitors C_1, C_2, ... , C1, Co so bottom plate of the sampling capacitor C to the source of 
in the array A and also the opening of the second on-off 

	
auxiliary voltage UH (FIG. 17). Next, the control module CM 

switches Sx -2..... Sai, Sao in the array A, the closure of the 	assigns the function of the source capacitor C, to the sampling 
second on-off switch SH _ 1 and thereby the connection of the 	capacitor C by writing the value of the index of the sampling 
second rail H to the first rail L and to the ground of the circuit 	capacitor C to the source capacitor C, index register in the 
(FIG. 11), which prevents the occurrence of a random poten-  35 control module CM. At the same time, the control module CM 
tial on the second rail H. 	 assigns the function of the destination capacitor Ck to the 

The operation of the another version of this apparatus 	capacitor C_1 having the highest capacitance value in the 
variant consists in that during the time in which the apparatus 	array A by writing the value of the index of the capacitor C, 1 
is kept in the state of relaxation, the control module CM 

	
to the destination capacitor Ck index register in the control 

causes the connection of the top plate of the sampling capaci-  40 module CM. Then, the control module CM causes, by means 
tor C and the connection of the top plates of the capacitors 	of the control signal provided on the output Ik, the closure of 

C-1, C-2, ... , C1, Co in the array A to the first rail L, and the 	the first on-off switch SLk and thereby the connection of the 
connection of the bottom plate of the sampling capacitor C 

	
top plate of the destination capacitor Ck to the first rail L, and 

and the connection of the bottom plates of the capacitors C_ 1, 	also the concurrent switching of the change-over switch Six 

C_2, ... , C1, Co to the ground of the circuit through the 45 and thereby the connection of the bottom plate of the desti- 
closure of the relevant on-off switches (FIG. 15) and the 	nation capacitor Ck to the ground of the circuit. Next, the 
switching of the relevant change-over switches enforcing in 	control module CM causes, by means of the control signal 
this way a complete discharge of the sampling capacitor C 

	
provided on the output A, the switching on the additional 

and of the capacitors C-11 C_2, ... , C1, Co. At the same time, 	current source J, and the control module CM starts to control 
the control module CM causes, by means of the control signal 50 the process of redistribution of accumulated charge. This 
provided on the output D,,, the closure of the second on-off 

	
process is terminated when the capacitor Co having the lowest 

switch SH and thereby the connection of the second rail H to 	capacitance value in the array A stops to act as the destination 
the first rail L and to the ground of the circuit which prevents 	capacitor C. After that, the control module CM activates the 
the occurrence of a random potential on the second rail H. At 	signal provided on the complete conversion signal output 
the same time, the control module CM causes, by means of 55 OutR and causes introducing the apparatus into relaxation 
the control signals provided on the outputs D„_1, D„_2, .... D1, 	phase again. 
Do, the opening of the second on-off switches 5H,1' 

	The operation of the another version of this apparatus 
Sx -21 • • • . Sul, Sao and thereby the disconnection of the top 	variant consists in that during the time in which the apparatus 
plates of the capacitors C_1, C_2, .... C1, Co in the array A 

	
is kept in the state of relaxation, the control module CM 

from the second rail H. 	 60 causes the connection of the top plate of the sampling capaci- 
As soon as the control module CM detects the start of the 	tor C and the connection of the top plates of the capacitors 
converted time interval signaled on the time interval signal 

	
C-1, C-2, ... , C1, Co in the array A to the first rail L, and the 

input InT of the apparatus, the control module CM causes, by 	connection of the bottom plate of the sampling capacitor C 
means of the control signal provided on the output D,11, the 	and the connection of the bottom plates of the capacitors C_ 1, 
opening of the first rail on-off switch SG ,jj and thereby the 65 C_2, ... , C1, Co to the ground of the circuit through the 
disconnection of the first rail L from the ground of the circuit. 	closure of the relevant on-off switches and the switching of 
At the same time, the control module CM causes, by means of 

	
the relevant change-over switches (FIG. 15) enforcing in this 
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way a complete discharge of the sampling capacitor C, and of 
the capacitors C„_1, C„_2, ... , 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 SH and thereby the connection of the second rail H to 5 
the first rail L and to the ground of the circuit which prevents 
the occurrence of a random potential on the second rail H. At 
the same time, the control module CM causes, by means of 
the control signals provided on the outputs D„_1, D„_2, .... D1, 
Do, the opening of the second on-off switches SH _ l, io 

Sx2..... Sal, Sao and thereby the disconnection of the top 
plates of the capacitors C„_1, C„_2, .... C1, Co 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 15 
input InT of the apparatus, the control module CM causes, by 
means of the control signal provided on the output D,11, the 
opening of the first rail on-off switch SG ,jj 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 20 
the control signals provided on the outputs I 1, I, ... ,1 v 10, 
the opening of the first on-off switches SL„_1, SL„_2, ... , SLI, 
Sio and thereby the disconnection of the top plates of the 
capacitors C„_1, C„_2, .... C1, Co in the array A from the first 
rail L and also the switching of the change-over switches 25 
SG„-1, SG„-2, • • • , SG1, Sao and thereby the connection of the 
bottom plates of the capacitors C„_1, C„_2, .... C1, Co to the 
source of auxiliary voltage UH. At the same time, by means of 
the control signal provided on the output Ar, the control 
module CM causes the switching on the current source I (FIG. 30 
18). At the same time, the control module CM deactivates the 
signal provided on the complete conversion signal output 
OutR and assigns the initial value zero to all the bits b„_1, 
b„_2, .... b1, bo in the digital word. The electric charge 
delivered by the use of the current source I is accumulated in 35 
the capacitor C„_ 1 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„_ 1 in the array A of 
capacitors. The sampling capacitor C„ and the capacitor C„_1 
in the array A are the only capacitors that are connected 40 
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 SL, and Si„_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 45 
module CM causes, by means of the control signal provided 
on the output Ar, 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 I,,, the opening of the 
first on-off switch SL, and thereby the disconnection of the 50 
top plate ofthe 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 sam-
pling capacitor C„ to the source of auxiliary voltage UH (FIG. 
17). Next, the control module CM assigns the function of the 55 
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 
ofthe destination capacitor Ck to the capacitor C„_ 1 having the 60 
highest capacitance value in the array A by writing the value 
of the index of the capacitor C„_1 to the destination capacitor 
Ck index register in the control module CM. Next, the control 
module CM causes, by means of the control signal provided 
on the output AJ the switching on the additional current 65 
source J, and the control module CM starts to control the 
process of redistribution of accumulated charge. This process 

30 
is terminated when the capacitor Co having the lowest capaci-
tance value in the array A stops to act as the destination 
capacitor Ck. After that, the control module CM activates the 
signal provided on the complete conversion signal output 
OutR, and causes introducing the apparatus into the relax-
ation phase again. 

ABBREVIATIONS 

A array of capacitors 
CM control module 
K1 first comparator 
K2 second comparator 
I current source 
J additional current source 
Ui source of the reference voltage 
UH source of auxiliary voltage 
UDD 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 
C„_1, C„_2, ... , C1, Co capacitors in the array of capacitors 
C„ sampling capacitor 
Cx charge collecting capacitor 
C, source capacitor 
Ck destination capacitor 

U-1, U-2, ... , U1, Uo voltages on the capacitors in the array 
of capacitors 

U, voltage on the sampling capacitor 
Ux voltage on the charge collecting capacitor 
U~ voltage on the source capacitor 
Uk voltage on the destination capacitor 
b„_1, b„_2, .... b1, bo bits in the digital word 

SL, Sv,_1, Sv,_2, ... , SLx' SL1, SL0 first on-off switches 
5H,' 5H,-1' S11­21 . 	. 5Hx. . 	. S̀H1, SHO second on-off 

switches 

5G, Ste„_1, Sffi„_2, ... , SGx, .. 	, SG1, Sffio change-over 
switches 

SGQZZ first rail on-off switch 
Sr current source change-over switch 
Ar, A, AS control outputs of the control module 
I,,, 1 	I„-2, . • . Ix, 	,11,10 control outputs of the control 

module 
D,,, D„_1, D„_2, .. . Dx, 	, D1, Do, DGQii control outputs of 

the control module 
The invention claimed is: 
1. A method for the conversion of a time interval to a digital 

word, wherein the time interval, whose both start and end are 
detected by the use of a 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 a current source (I) and is accumu-
lated in an array (A) of capacitors (C„_1, C„_2, ... , C1, Co) 
whereas a capacitance value of a capacitor of a given index 
(C.) is twice as high as a capacitance value of the capacitor of 
a previous index (Cz _1) 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_1), which increases on the capacitor (C„_1) and is 
simultaneously observed by the use of the second comparator 
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(K2), equals the reference voltage (UL) value, and in the latter 	assigned to the capacitor (Co) having the lowest capacitance 
case the charge accumulation is continued in the subsequent 	value in the array (A) of capacitors, or the voltage (U0) 
capacitor in the array (A) of capacitors whose capacitance 

	
increasing on the capacitor (Co) and observed at the same 

value is twice lower than the capacitance value of the capaci- 	time by the use of the second comparator (K2) equals the 
tor in which charge was accumulated directly before, and at 5 reference voltage (UL) value while the value one is assigned 
the same time the voltage, increasing on the capacitor in 	to these bits in the digital word, corresponding to the capaci- 
which charge is currently accumulated, is compared to the 	tors in the array (A) of capacitors, on which the voltage equal 
reference voltage (UL) value by the use of the second com- 	to the reference voltage (UL) value has been obtained, and the 
parator (K2), and the cycle is repeated until the end ofthe time 	value zero is assigned to the other bits by means of the control 
interval is detected by means of the control module (CM), and io module (CM). 
afterwards, a function of the source capacitor (G), whose 

	
2. The method according to claim 1, wherein electric 

index is defined by the content of the source capacitor (G) 	charge is delivered by the use of the current source (I) and is 
index register in the control module (CM), is assigned by 	accumulated in the sampling capacitor (C„) during the time 
means of the control module (CM) to a capacitor (C') in the 

	
interval whose both start and end are detected by means ofthe 

array (A) of capacitors by writing the value of the index of the 15 control module (CM), and after detecting the end of the time 
capacitor (C') to the source capacitor (Ci) index register 

	
interval by means of the control module (CM), the function of 

where the capacitor (C') is the last capacitor in which charge 	the source capacitor (G) whose index is defined by the con- 
was accumulated, a function of the destination capacitor (Ck) 

	
tent of the source capacitor (G) index register in the control 

whose index is defined by the content of the destination 	module (CM) is assigned by means of the control module 
capacitor (Ck) index register in the control module (CM) is 20 (CM) to the sampling capacitor (C„) by writing the value of 
assigned by means of the control module (CM) to the subse- 	the index of the sampling capacitor (C„) to the source capaci- 
quent capacitor in the array (A) whose capacitance value is 	tor (G) index register, and also the function of the destination 
twice lower than the capacitance value ofthe source capacitor 	capacitor (Ck) whose index is defined by the content of the 
(Ci) by writing a value stored in the source capacitor (G) 

	
destination capacitor (Ck) index register in the control module 

index register reduced by one to the destination capacitor (Ck) 25 (CM) is assigned by means of the control module (CM) to the 
index register, and then, the electric charge accumulated in 	capacitor (C„_ 1) having the highest capacitance value in the 
the source capacitor (G) is transferred to the destination 	array (A) of capacitors by writing the value of the index of the 
capacitor (Ck) by the use of the current source (I) and at the 	capacitor (C„_ 1) to the destination capacitor (Ck) index regis- 
same time a voltage (Uk) increasing on the destination capaci- 	ter, and after that, the process of electric charge transfer from 
tor (Ck) is compared to the reference voltage (UL) value by the 30 the source capacitor (Ci) to the destination capacitor (Ck) is 
use the second comparator (K2), and also a voltage (Ui) on the 	realized by the use of the current source (I) on the basis of the 
source capacitor (G) is observed by the use of the first com- 	output signals of the comparators (Kl) and (K2) until the 
parator (Ki), and when the voltage (U) on the source capaci- 	voltage (U) on the source capacitor (Ci) observed by the use 
tor (G) observed by the use of the first comparator (K1) 

	
of the first comparator (K1) equals zero during the period in 

equals zero during the charge transfer, the function of the 35 which the function of the destination capacitor (Ck) is 
source capacitor (G) is assigned to the current destination 	assigned to the capacitor (Co) having the lowest capacitance 
capacitor (Ck) by means of the control module (CM) on the 	value in the array (A) of capacitors, or the voltage (U0), which 
basis of an output signal of the first comparator (K1) by 

	
increases on the capacitor (Co) and is simultaneously 

writing a current content of the destination capacitor (Ck) 
	

observed by the use of the second comparator (K2), equals the 
index register in the control module (CM) to the source 4o reference voltage (UL) value. 
capacitor (G) index register in the control module (CM), and 

	
3. The method according to claim 1, wherein electric 

also the function of the destination capacitor (Ck) is assigned 
	

charge is delivered by the use of the current source (I) and is 
to the subsequent capacitor in the array (A) whose capaci- 	accumulated during the time interval, whose both start and 
tance value is twice lower than the capacitance value of the 	end are detected by means of the control module (CM), in the 
capacitor that operated as the destination capacitor directly 45 capacitor (C„_ 1) having the highest capacitance value in the 
before by reducing the content of the destination capacitor 	array (A) of capacitors and at the same time in the sampling 
(Ck) index register by one, and charge transfer from a new 	capacitor (C„) connected in parallel to the capacitor (C„_ 1) in 
source capacitor (G) to a new destination capacitor (Ck) is 	the array (A) of capacitors where the capacitance value of the 
continued by the use of the current source (I), and when the 	sampling capacitor (C„) is not smaller than the capacitance 
voltage (Uk) on the destination capacitor (Ck) observed by the 50 value of the capacitor (C, 1), and after detecting the end ofthe 
use of the second comparator (K2) equals the reference volt- 	time interval by means of the control module (CM), the func- 
age (UL) value during the transfer of charge from the source 	tion ofthe source capacitor (G), whose index is defined by the 
capacitor (Ci) to the destination capacitor (Ck), the function of 

	
content of the source capacitor (Ci) index register in the 

the destination capacitor (Ck) is assigned by means of the 	control module (CM), is assigned by means of the control 
control module (CM) on the basis of an output signal of the 55 module (CM) to the sampling capacitor (C„) by writing the 
second comparator (K2) to the subsequent capacitor in the 	value of the index of the sampling capacitor (C„) to the source 
array (A) whose capacitance value is twice lower than the 	capacitor (G) index register, and also the function of the 
capacitance value of the capacitor that operated as the desti- 	destination capacitor (Ck), whose index is defined by the 
nation capacitor directly before by reducing the content of the 	content of the destination capacitor (Ck) index register in the 
destination capacitor (Ck) index register by one, and also the 60 control module (CM), is assigned by means of the control 
charge transfer from the source capacitor (G) to a new desti- 	module (CM) to the capacitor (C„_i) in the array (A) of 
nation capacitor (Ck) is continued, while this process is still 

	
capacitors by writing the value of the index of the capacitor 

controlled by means of the control module (CM) on the basis 
	

(C„_ 1) in the array (A) of capacitors to the destination capaci- 
of the output signals of the comparators (K1) and (K2) until 

	
tor (Ck) index register, and after that, the process of the elec- 

the voltage (Ui) on the source capacitor (G) observed by the 65 tric charge transfer from the source capacitor (G) to the 
use of the first comparator (K1) equals zero during a period in 

	
destination capacitor (Ck) is realized by the use of the current 

which the function of the destination capacitor (Ck) is 	source (I) while the process of charge transfer is controlled by 
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means of the control module (CM) on the basis of the output 
signals of the comparators (K1) and (K2) until the voltage 
(Ui) on the source capacitor (Ci) observed by the use of the 
first comparator (K1) equals zero during the period when the 
function of the destination capacitor (Ck) is assigned to the 5 
capacitor (Co) having the lowest capacitance value in the 
array (A) of capacitors, or the voltage (U0), which increases 
on the capacitor (Co) and is simultaneously observed by the 
use of the second comparator (K2), equals the reference volt- 
age (UL) value. 	 10 

4. The method according to claim 1, wherein after detect-
ing the end of the time interval by means of the control 
module (CM) and after writing the values of indexes of rel-
evant capacitors to the source capacitor (G) index register and 
to the destination capacitor (Ck) index register by means of 15 
the control module (CM), the process of charge redistribution 
is realized during which charge is transferred from the source 
capacitor (G) to the destination capacitor (Ck) by the use of 
the additional current source (J), whose effectiveness is dif-
ferent from the effectiveness of the current source (I), and the 20 
process of charge redistribution is controlled by means of the 
control module (CM) on the basis of the output signals of the 
comparators (Kl) and (K2) until the voltage (U) on the 
source capacitor (G) observed by the use of the first com-
parator (K1) equals zero during the period in which the func- 25 
tion of the destination capacitor (Ck) is assigned to the capaci-
tor (Co) having the lowest capacitance value in the array (A) 
of capacitors, or the voltage (U0), which increases on the 
capacitor (Co) and is simultaneously observed by the use of 
the second comparator (K2), equals the reference voltage 30 
(UL) value. 

5. The method according to claim 1, wherein 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 35 
the control module (CM), and after detecting the end of this 
time interval by means of the control module (CM), the func-
tion of the source capacitor (G) whose index is defined by the 
content of the source capacitor (G) index register in the 
control module (CM) is assigned by means of the control 40 
module (CM) to the sampling capacitor (C„) by writing the 
value of the index of the sampling capacitor (C„) to the source 
capacitor (G) index register, and also the function of the 
destination capacitor (Ck), whose index is defined by the 
content of the destination capacitor (Ck) index register in the 45 
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 (Ck) index register, and after that, the process of 50 
redistribution of accumulated electric charge is realized dur-
ing which charge is transferred from the source capacitor (G) 
to the destination capacitor (Ck) 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 55 
charge redistribution is controlled by means of the control 
module (CM) on the basis of the output signals of the com-
parators (Kl) and (K2) until the voltage (U on the source 
capacitor (G) observed by the use ofthe first comparator (K1) 
equals zero during the period in which the function of the 60 
destination capacitor (Ck) is assigned to the capacitor (Co) 
having the lowest capacitance value in the array (A) ofcapaci-
tors, or the voltage (U0), which increases on the capacitor (Co) 
and is simultaneously observed by the use of the second 
comparator (K2), equals the reference voltage (UL) value. 	65 

6. The method according to claim 1, wherein electric 
charge is delivered by the use of the current source (I) and is 

accumulated during the time interval, whose both start and 
end are detected by means of the control module (CM) in the 
capacitor (C„_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 (C„_1) and after detecting the end of the 
time interval by means of the control module (CM), the func-
tion ofthe source capacitor (G), whose index is defined by the 
content of the source capacitor (G) 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 (G) index register, and also the function of the 
destination capacitor (Ck) whose index is defined by the con-
tent of the destination capacitor (Ck) index register in the 
control module (CM) is assigned by means of the control 
module (CM) to the capacitor (C„_i) in the array (A) of 
capacitors by writing the value of the index of the capacitor 
(C„_1) in the array (A) of capacitors to the destination capaci-
tor (Ck) index register, and after that, the process of redistri-
bution of accumulated electric charge is realized during 
which charge is transferred from the source capacitor (G) to 
the destination capacitor (Ck) 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 com-
parators (K1) and (K2) until the voltage (U~) on the source 
capacitor (Ci) observed by the use ofthe first comparator (K1) 
equals zero during the period in which the function of the 
destination capacitor (Ck) is assigned to the capacitor (Co) 
having the lowest capacitance value in the array (A) of capaci-
tors, or the voltage (U0), which increases on the capacitor (Co) 
and is simultaneously observed by the use of the second 
comparator (K2), equals the reference voltage (UL) value. 

7. An apparatus for the conversion of a time interval to a 
digital word containing the control module equipped with a 
digital output wherein the apparatus comprises an array (A) 
of capacitors whose control inputs are connected to a set of 
control outputs (E) of the control module (CM), and the 
control module (CM) is equipped with the digital output (B), 
the complete conversion signal output (OutR), the time inter-
val signal input (InT) and two control inputs (Inl) and (ln2) 
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 comparator (K2) whose inputs are 
connected to other pair of outputs of the array (A), and fur-
thermore, a voltage supply (UDD), a source of auxiliary volt-
age (UH) together with a source of the reference voltage (UL) 
and a 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 (Al) of 
the control module (CM). 

8. The apparatus according to claim 7, wherein the array 
(A) of capacitors comprises a number of n capacitors (C„_l, 
C„_2, .... 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, 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 (SL„_1) to the first rail (L) with which the top 
plates of the other capacitors (C„_2, .... C1, Co) in the array 
(A) of capacitors are connected through the open first on-off 
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switches (SL, 2..... SLI, SLO), while the top plate of the 	plate of the capacitor (C, 1) is connected to the source of 
capacitor (C„- 1) is also connected through the closed second 

	
auxiliary voltage (UH) through the change-over switch 

on-off switch (SH  - 1) to the second rail (H) with which the top 
	

(SG„-1) whose moving contact is connected to its other sta- 
plates of the other capacitors (C-21  .... C1, Co) of the array 	tionary contact, whereas the first stationary contact of the 
(A) are connected through the open second on-off switches 5 change-over switch (SG„-1) is connected to the ground of the 

(Sx 2..... SH1, Sao), and the bottom plate of the capacitor 	circuit. 
(C„- 1) is connected to the ground of the circuit through the 

	
10. The apparatus according to claim 8, wherein the sam- 

change-over switch (SG„-1) whose moving contact is con- 	pling capacitor (C„) is connected to the array (A) of capacitors 
nected to its first stationary contact and the other stationary 	where the capacitance value of the sampling capacitor (C„) is 
contact of the change-over switch (SO-1) is connected to the io not smaller than the capacitance value of the capacitor (C, 1 ) 
source of auxiliary voltage (UH) and also to the non-inverting 

	
having the highest capacitance value in the array (A) of 

input of the first comparator (K1), while the bottom plates of 
	

capacitors, while the sampling capacitor (C„) is connected in 
the other capacitors (C-21...  , C1, Co) of the array (A) are 	parallel to the capacitor (C, 1) in the array (A) of capacitors 
connected to the source of auxiliary voltage (UH) through the 	through the first rail (L) and through the ground of the circuit 
change-over switches (SG„-2, ... , SG1, Sao) whose moving 15 in a way that the top plate of the sampling capacitor (C„) is 
contacts are connected to their other stationary contacts, and 

	
connected to the first rail (L) through the closed first on-off 

the first stationary contacts of the change-over switches 	switch (SL„), and on the other hand, the bottom plate of the 
(SG, 2, • • • , Sal, Sao) are connected to the ground of the 	sampling capacitor (C„) is connected to the ground of the 
circuit, whereas the first rail (L) is connected to the ground of 

	
circuit through the change-over switch (SG,) whose moving 

the circuit through the open first rail on-off switch (SG,,,) and 20 contact is connected to its first stationary contact, and the 
to the non-inverting input of the second comparator (K2) 

	
other stationary contact of the change-over switch (SG,) is 

whose inverting input is connected to the source of the refer- 	connected to the source of auxiliary voltage (UH), and more- 
ence voltage (UL), while the second rail (H) is connected to 	over, the top plate of the sampling capacitor (C„) is connected 
the inverting input of the first comparator (K1), and moreover, 	also to the second rail (H) through the open second on-off 
the control inputs of the first on-off switches (SL„-1, 25 switch (SH,),  whereas the control input of the first on-off 
SL„-2, • • • , SL1, SLO) and the control inputs of the change-over 	switch (SL„) and the control input of the change-over switch 
switches (Son-i, SG, 2.... , SG1, goo) of the array (A) are 

	
(SG„) are coupled together and connected to the control out- 

coupled together and connected to the relevant control out- 	put (I„) of the control module (CM), and the control input of 
puts (I 	I„-Z, ... , I1, Io) of the set of control outputs (E) of 

	
the second on-off switch (SH,)  is connected to the control 

the control module (CM), while the control inputs of the 30 output (D„) of the control module (CM). 
second on-off switches (Sx  -,, Sx -2..... SHE, Sao) and the 

	
11. The apparatus according to claim 7, wherein an addi- 

control input of the first rail on-off switch (SG,,,) are con- 	tional controlled current source (J) is connected to the array 
nected to the relevant control outputs (D„- 1, D„-a, .... D1 , Do) 

	
(A) of capacitors, and the control input of the additional 

and (D,11) of the set of control outputs (E) of the control 
	

controlled current source (J) is connected to the relevant 
module (CM), while one end of the current source (I) is 35 control output (Ad) of the control module (CM). 
connected to the voltage supply (UDD) through the current 

	
12. The apparatus according to claim 11, wherein the array 

source change-over switch (SI) whose moving contact is con- 	(A) of capacitors comprises a number of n capacitors (C, 1, 
nected to its first stationary contact, and the other stationary 

	
C-21 .... C1, Co), and a capacitance value of a capacitor of a 

contact of the current source change-over switch (Si)  is con- 	given index is twice as high as a capacitance value of the 
nected to the second rail (H), and the other end of the current 40 capacitor of the previous index, and the top plate of the 
source (I) is connected to the first rail (L), and furthermore, 	capacitor (C, 1) having the highest capacitance value in the 
the control input of the current source (I) is connected to the 	array (A) of capacitors is connected through the closed first 
control output (AI) of the control module (CM), and the 	on-off switch (SL„-1) to the first rail (L) with which the top 
control input of the current source change-over switch (Si)  is 	plates of the other capacitors (C-21  .... C1, Co) in the array 
connected to the control output (AS) of the control module 45 (A) of capacitors are connected through the open first on-off 
(CM). 	 switches (SL„-a, ... , SL1I  Sso), while the top plate of the 

	

9. The apparatus according to claim 8, wherein the sam- 	capacitor (C„- 1) is also connected through the closed second 
pling capacitor (C„) is connected to the array (A) of capaci- 	on-off switch (SH  - 1) to the second rail (H) with which the top 
tors, while the top plate of the sampling capacitor (C„) is 	plates of the other capacitors (C-21  .... C1, Co) of the array 
connected to the first rail (L) through the closed first on-off 50 (A) are connected through the open second on-off switches 
switch (SL„) and also it is connected to the second rail (H) 

	
(Sx 2..... Sai, Sao), and the bottom plate of the capacitor 

through the open second on-off switch (SH,),  whereas the 
	

(C„- 1) is connected to the ground of the circuit through the 
bottom plate of the sampling capacitor (C„) is connected to 	change-over switch (SG„-1) whose moving contact is con- 
the ground of the circuit through the change-over switch 

	
nected to its first stationary contact and the other stationary 

(SG„) whose moving contact is connected to its first stationary 55 contact of the change-over switch (SG„-1) is connected to the 
contact, and the other stationary contact of the change-over 	source of auxiliary voltage (UH) and also to the non-inverting 
switch (SG„) is connected to the source of auxiliary voltage 

	
input of the first comparator (K1), while the bottom plates of 

(UH), and the control input of the first on-off switch (SL„) and 
	

the other capacitors (C-21...  , C1, Co) of the array (A) are 
the control input of the change-over switch (SG,) are coupled 

	
connected to the source of auxiliary voltage (UH) through the 

together and connected to the control output (I„) of the control 60 change-over switches (SG„-2, ... , SG1, Sao) whose moving 
module (CM), whereas the control input of the second on-off 

	
contacts are connected to their other stationary contacts, and 

switch (SH,)  is connected to the control output (D„) of the 	the first stationary contacts of the change-over switches 
control module (CM), and also the top plate of the capacitor 

	
(SG„-2, • • • , Sw  Sao) are connected to the ground of the 

(C, 1) having the highest capacitance value in the array (A) of 
	

circuit, whereas the first rail (L) is connected to the ground of 
capacitors is connected to the first rail (L) through the open 65 the circuit through the open first rail on-off switch (SG,,,) and 
first on-off switch (SL„-1) and to the second rail (H) through 

	
to the non-inverting input of the second comparator (K2) 

the closed second on-off switch (SH  - 1), while the bottom 	whose inverting input is connected to the source of the refer- 
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ence voltage (UL), 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 (Si„-,, 
SL, 2, • • • , SL1, SLQ) and the control inputs of the change-over 
switches (SG„-i, SG„-2, ... , SGi , SGo) of the array (A) are 
coupled together and connected to the relevant control out- 
puts (I 	I„-2, .... Ii, Io) of the set of control outputs (E) of 
the control module (CM), while the control inputs of the 
second on-off switches (Sx -v Sx -2..... Sav Sao) and the 
control input of the first rail on-off switch (SG ,jj) are con-
nected to the relevant control outputs (D„- 1, D„-z, .... D1 , Do) 
and (D,,,) of the set of control outputs (E) of the control 
module (CM), while one end of the current source (I) is 
connected to the voltage supply (UDC), 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 addi-
tional current source (J) is connected to the control output 
(Ad) of the control module (CM). 

13. The apparatus according to claim 12, wherein the sam-
pling capacitor (C„) is connected to the array (A) of capaci-
tors, while the top plate of the sampling capacitor (C„) is 
connected to the first rail (L) through the closed first on-off 
switch (SL„) and also it is connected to the second rail (H) 
through the closed second on-off switch (SH  ), whereas the 
bottom plate of the sampling capacitor (C„) is connected to 
the ground of the circuit through the change-over switch 
(SG,) whose moving contact is connected to its first stationary 
contact, and the other stationary contact of the change-over 
switch (SG,) is connected to the source of auxiliary voltage 
(UH), and the control input of the first on-off switch (SL„) 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 (SH ) is connected to the control output (D„) of the 
control module (CM), and also 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 open 
first on-off switch (Si„-1) and to the second rail (H) through 

38 
the open second on-off switch (SH, l), while the bottom plate 
of the capacitor (C„- 1) is connected to the source of auxiliary 
voltage (UH) through the change-over switch (SG„-1) whose 
moving contact is connected to its other stationary contact, 

5  whereas the first stationary contact of the change-over switch 
(SG„-1) is connected to the ground of the circuit. 

14. The apparatus according to claim 12, wherein the sam-
pling capacitor (C„) is connected to the array (A) of capacitors 
where the capacitance value of the sampling capacitor (C„) is 

10 not smaller than the capacitance value of the capacitor (C„- 1 ) 

having the highest capacitance value in the array (A) of 
capacitors, while the sampling capacitor (C„) is connected in 
parallel to the capacitor (C„- 1 ) in the array (A) of capacitors 

15  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 (SL„), and on the other hand, the bottom plate of the 
sampling capacitor (C„) is connected to the ground of the 

20  circuit through the change-over switch (SG,) whose moving 
contact is connected to its first stationary contact, and the 
other stationary contact of the change-over switch (SG,) is 
connected to the source of auxiliary voltage (UH), and more-
over, the top plate of the sampling capacitor (C„) is connected 

25  also to the second rail (H) through the closed-second on-off 
switch (SH  ), whereas the control input of the first on-off 
switch (SL„) and the control input of the change-over switch 
(SG,) are coupled together and connected to the control out-
put (I„) of the control module (CM), and the control input of 

30 the second on-off switch (SH ) 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 (Si„-1) and also to the 

3s second rail (H) through the open second on-off switch 
(SH  -,), whereas the bottom plate of the capacitor (C„- 1 ) 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 

40 of the change-over switch (SG„-1) is connected to the source 
of auxiliary voltage (UH). 
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