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ABSTRACT 

The purpose and objectives of this work is to study circuits of analog and digital-to-analog tunable integrators, 
especially their construction and operation, the definition of the uniqueness of each scheme, both in circuit engineering 
execution, and by the process of restructuring, analysis. To solve the problem the analysis of domestic and foreign works, 
given the scheme of analog and digital-to-analog tunable integrators work has a review character. In a comparative 
analysis, in the article it revealed that, depending on the particular problem to be solved and the manufacturing process, 
any of the circuitry solutions integrators may be more effective than others. 
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1. INTRODUCTION 

General trends in the development of modern 
electronic technology aimed at extensive use of digital 
signal processing that can be done in different ways: using 
microcontrollers, digital signal controllers, digital signal 
processors. 

Efficacy of digital signal processing techniques is 
undeniable, as it provides the stability parameters of time 
and temperature, not only the ease of changing the 
parameters and algorithms changing coefficients of the 
transfer functions and adaptation techniques. However, 
experience has shown the development of various 
technical devices, there are still problems, for which the 
use of microcontrollers even impossible because of their 
high power consumption. Alternatively, an effective 
solution of such problems is the use of circuit decisions 
made on micropower op amps. 

On the basis of schemes integrators to build 
various functional units: Regulators of automatic control 
systems, active analog filters, voltage-to-frequency 
converters, frequency-to-voltage analog-to-digital 
converters, pulse generators, etc. [18, 24-26]. Quite often, 
as the operation of the device in the circuit, the integrator 
parameters, namely, they realized a time constant must be 
changed, i.e. rebuild. One of the areas related to the 
solution of such problems is the use of programmable 
analog integrated circuits [9]. However, compared with 
digital programmable chips, due to a limited number of 
electronic structure and analog components they have little 
functionality. 

Currently, the integration of the signal can be an 
analog, discrete analog and digital circuits. 

In accordance with the above objective 
(minimization of power consumption) we restrict 
ourselves to the circuit design of analog and digital-analog 
circuits tunable integrators. 
 
 
 

2. FUZZY LOGIC CONTROL 
The analog integrator is made on the basis of the 

operational amplifier shown in Figure-1. 
 

 
 

Figure-1. Diagram of the analog integrator. 
 

Передаточная функция аналогового 
интегратора определяется по формуле 
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The only factor of its transfer function is 

determined by the product of the resistor R on the 
capacitance of the capacitor C, and is called the time 
constant τ. It should be noted that the transfer function of 
the integrator of the form (1) is valid only for an ideal 
operational amplifier, i.e. while neglecting the influence of 
parasitic parameters of the amplifier for realized transfer 
function [10, 27, 28]. 

Adjustment (change) the time constant of the 
integrator can be made by changing resistor or 
capacitance. Since the change in the capacitance of 
microelectronic circuits analog integrator is quite difficult, 
the only element whose value can be changed, there is a 
resistor. 

Modern chip analog electronic keys have 
sufficiently low resistance in the conducting state (tenths 
of Ohm's) and very high resistance in the closed state 
(hundreds of MOhm). On the basis of such chips 
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containing sets of keys S1 - Sn, as well as through a series 
of discrete resistors R1 - Rn, can be implemented discretely 
tunable integrator circuit shown in Figure-2. 
 

 
 

Figure-2. The analog integrator with discrete 
restructuring. 

 
If the circuit of Figure-2 use resistors with 

nominal resistance, changing the law on the binary 
(similar to a digital-to-analog converter (DAC)), it is 
possible to construct a circuit of analog integrator with a 
time constant of restructuring with a digital code dn ... d0. 
In accordance with weights positions binary values of 
resistors in the circuit must be related by 
 
Ri = 2-1R1                                   (2) 
 
where i – the serial number of the resistor in the circuit 
and the resistance of the resistor R1- most significant bit 
(MSB).  

The time constant integrator implemented under 
consideration, determined by the state of keys located in 
the ON state (in the diagram in Figure-2 in the up 
position), depending on the binary digital code D, state 
control keys. 

Step integrator adjustment depends on the 
number of keys used, i.e. of n bit code D, and its time 
constant  determined by the formula 
 
τ=R(D)C.                                   (3) 
 

Resolved tunable integrator circuit solution rather 
difficult to implement in practice, since it requires the 
selection of precision resistors in accordance with (2). 
Alternative circuit solution can be obtained by the use in 
the circuit of the digital potentiometer integrated circuit 
included on a programmable resistor circuit as shown in 
Figure-3. 
 

 
 

Figure-3. Analog integrator with a digital potentiometer. 
 

Application IC digital potentiometer with SPI 
serial interface or I2C allows for comparison with the 
previous scheme to reduce the area occupied by the circuit 
on the circuit board and chip digital potentiometers with 
nonvolatile memory to receive the integrator circuit with 
the preset parameters. In accordance with the symbols in 
the diagram (Figure-3), the time constant of the integrator 
is determined by the formula 
 

C
D

R
nAB 2

                                                                   (4) 

 
where RAB ˗ initial resistance value chip digital 
potentiometer in ˗ decimal code number, n ˗ bit digital 
potentiometer. 

Most digital potentiometers are available 8- and 
10-bit [11 13]. However, there are a limited number of 
chips, which is guaranteed by the tolerance of resistors of 
1% and only makes sense to use them in this scheme. The 
latter circumstance may serve as a limiting factor in the 
applicability of the digital potentiometer chip as a 
programmable resistor to implement tunable integrator. 

The integrator circuit formed on operational 
amplifiers (OA), the differential voltage between its 
inverting and noninverting inputs close to zero up to where 
˗ gain of the amplifier. This property is used for 
constructing tunable integrator circuits in which the time 
constant is changed in an indirect way, i.e. not due to 
changes in the resistance of the resistor, and by changing 
the transmission ratio of the resistive voltage divider, 
installed at the entrance of the integrator, or by changing 
the gain of the amplifier is also mounted on the input of 
the integrator. 

Using chip digital potentiometer, with its 
inclusion in the mode of controlling the digital code of the 
resistive voltage divider, also called a digital-to-analog 
converter (in the UK. Abbreviation RDAC), or by using a 
resistive matrix R - 2R, also included in the mode, 
multiplying digital-to-analog converter (UTSAP below), 
you can build an amplifier with programmable gain and, 
based on reconfigurable analog integrator circuit is shown 
in Figure-4. 
 

 
а) 

 
b) 

 

Figure-4. Tunable analog integrators VATSAP. 
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The time constant integrator implemented with 
VATSAP is determined not only by the resistance of the 
resistor R and the capacitance C, and the transmission 
coefficient K(D) multiplying digital to analog converter, 
and is defined by the formula 
 

  RC
DDK

RC n2
                                                       (5) 

 
Step (discrete) adjustment of the integrator is 

determined by bit DAC (resistive matrix R ˗ 2R or digital 
potentiometer). Chips containing resistive matrix R - 2R 
produced 10, 12 bit or even higher, so they can be created 
based tunable integrators with a fine pitch adjustment, as 
compared with digital potentiometers.  

The deviations from the nominal values of the 
resistive matrix R - 2R in the integrated performance can 
reach 50% or more, as when performing more important, 
is not the resistor values, and their ratio, which is 
guaranteed to be 0.1%. Because of the large spread of 
nominal resistors even for one batch of chips including a 
resistive matrix directly instead of the resistor in the circuit 
of the integrator, for example, as in the circuit of Figure-2, 
it is inappropriate. 

The discrete analog circuits integrators 
restructuring parameters is possible by changing the pulse 
ratio, electronic analog control keys, or by changing the 
frequency of repetition [14, 17, 29]. 

Figure-5 shows a diagram of a discrete-analog 
integrator, made on the basis of the switched resistor with 
an electronic key S. In the same figure shows the sequence 
of control pulses PWM. 
 

TTi t

PWM

 
а) 

С

In
Out

OA

R S

PWM

 
b) 

 

Figure-5. Discrete analog integrator based chain ARCS. 
 

If the connection between the electronic key to 
select T is much smaller than the time constant integrator 
implemented, it is equivalent to the time constant 
determined by the formula 
 

QRCRC
T

T

i

э                                                          (6) 

 
The time constant in this case can be varied by 

changing the ratio of the time placed in the OFF (0 - Ti) 

and switched (Ti ˗ T) the state of the electronic key, i.e., 
duty cycle pulse sequence Q. 

The integrator circuit formed on the basis of a 
switched capacitor circuit (Figure-6), the time constant 
determined by the switching frequency electronic 
switches, which are controlled antiphase pulse sequence 
(Figure-6a) and the ratio of the capacitors Cd and Ci. 
 

T
t

S1

TT/2 
t

S2

 
а) 

 

 
b) 

 

Figure-6. Discrete analog integrator based on the 
RC-circuit. 

 
In accordance with the Figure-6 symbols, the 

equivalent time constant of the integrator based on the SC-
circuit is determined by the formula 
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Here one should pay attention to the fact that the 

time constant of the integrator based on the SC-circuit is 
determined by the capacitance ratio of capacitors and is 
independent of their absolute values, which is very 
important when implementing a microelectronic circuit 
performance. 

The circuit of the integrator shown in Figure-7, 
with properties closest to the digital integrator circuit [17, 
19, 30]. Sampling-storage devices in this circuit are 
controlled by the same antiphase pulse sequence, as in the 
circuit formed on the switched capacitor [19, 20], as 
shown in Figure-6a. 
 

 
 

Figure-7. Discrete analog integrator based SHA. 
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The equivalent time constant of the integrator 
performed based on SHA, SHA determined sampling 
frequency and the transmission coefficient K divider (or 
amplifier) installed on the input of the circuit, according to 
the formula 
 

K
f

2TK
s

э

2
                     (8) 

 
An essential feature of the last viewed integrator 

circuit is implemented independent of the time constant 
equivalent value capacitors SHA. Because of this 
integrator circuit is made on the basis of the SHA, the 
stability of the parameters of the closest analogue to digital 
integrator. 
 
3. CONCLUSIONS 

The difference of this work from the prior art 
consists in the fact that the analysis performed, taking into 
account many criteria circuit solutions tunable integrators 
showed that each of the considered schemes of analog and 
digital-to-analog integrator has its own unique 
characteristics, both on the circuit engineering execution, 
and by the process of restructuring - by changing the 
control code, the frequency of the control pulses, or duty 
cycle. In this regard, one can not give preference to the use 
of some unique solution. Depending on the particular 
problem to be solved and the manufacturing process, any 
of the circuitry solutions integrators may be more effective 
than others. Stability parameters should be allocated by the 
integrator circuit formed by the SHA, because it is less 
sensitive to changes in the capacitors. 
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