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LEVEL REDUCTION OF OUTPUT NOISE OF REFERENCE VOLTAGE SOURCES
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Technologies for processing of digital signals find broad application in all spheres of the human activity, including agriculture.
Further perfecting of these technologies is related to increasing of resolving power in analogue-to-digital and digital-to-analogue
converters, requiring the improvement of quality indicator of the reference voltage sources such as noise level. This paper presents
the possibilities for level reduction of output noise of the reference voltage sources. Circuit solutions of the single-stage and two-
stage, unipolar and bipolar low-noise sources of stable voltage of direct current produced on the basis of standard integral chips
of voltage stabilizers are observed. The proposed circuit solutions provide reduction of output noise level of the reference voltage
sources to the level of intrinsic noise of the operational amplifiers, which are part of the developed devices. It should be emphasized
that single-stage unipolar low-noise sources of stable voltage of direct current are characteristic by the inversion of output voltage
polarity that takes place in accordance with the polarity of output voltage of voltage stabilizer integral chip.
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The precision reference voltage sources
(RVS) are broadly used. However,
their application is usually needed in
creation of the analogue-to-digital
and digital-to-analogue converters
(ADC and DAC), which are a part of an
inventory of electric devices, control
systems power supply, automated
process control systems of both
production and agricultural objects
(Cviklovic¢ et al., 2016; Hsu et al., 2013).

The  considerable  proportion
of integrated circuits (ICs) of the
integrated voltage regulator (IVR)

(MAX872,  AD584, ARD292) s

characteristic by production of a high

level of intrinsic noise that significantly
limits their application field as the RVS
of ADC and DAC.

The following methods for

a reference voltage production are

known:

a) a method that implements the
operations of stabilizing the
output voltage and then filtering it
(Horowitz and Hill, 2015);

b) a method based on a low-noise
voltage reference that represents
a combined cycle system (Neidorff
and Bedford, 1989);

¢) on the basis of the reference voltage
source SU 421002A (Lantsov, 1974),
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which represents a closed loop

system.

The disadvantage of all these
methods lies in a production of
significant noise level. Recently,
solutionsfortheRVSconstructiononthe
basis of single-crystal programmable
systems, microcontrollers (Vostrukhin,
2013), are being proposed. However,
questions of an assessment of a noise
level remain open.

This paper investigates the devices
providing the reduction of the RVS

output noise level produced on the
basis of standard ICs of IVRs.

Material and methods

Single-stage noise reduction

Single-stage noise reduction (Bondar,

2010a) requires the performance of

the following operations:

1. allotment of a noise (variable)
component of RVS output voltage;

2. compensation of a noise (variable)
component in RVS output voltage.

r-=-=-=-=-=-=-"=-"==-="="==-======°======-= -

1 A Pt s - - - - - - - - - == s !

: |2 | ; 3 [

L C1y | L

1 yg;}s : | || | Vc | ,ﬂ‘ - A1 o
| | | | |  — [ I/Om

C . . R2 i

| Lo - i [

| | [

| ! E3 [

| ! — "ot

| ) L T D

| 4 Lo - - - - - - - - - - - - I

L o e e e e e e e e e e e e e === 4

Fig.1 Scheme for single-stage noise reduction

The scheme contains: RVS [1]; decoupling capacitor [2]; subtractor [3]; converter [4]. The
allocated noise component, by means of the decoupling capacitor [2] (condenser C1)
and an output signal, the RVS [1] arrive on entrances of the subtractor [3] which is
carrying out the compensation (suppression) of a noise component
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The scheme describing how the device performs single-
stage noise reduction is shown in Fig. 1.

The suppression extent of a noise component is
considerably defined by a time constant ., of the high-
pass filter of the converter [4] formed by the chain C1, R1,
R2, as well as by a phase shift ¢, (®), where © - the current
frequency. The allocated noise component will be defined
by the following dependence:

i
(Pcon((D):E_arCtg(O)'Tmn) (M
Teon= C1 : (Rl + RZ) (2)
where:
(@ - the capacity of the decoupling condenser [2]
R,, R, — the resistance of R1, R2 resistors of the subtractor
[3]
Ton — timeconstantofaRVS[1]chain
Tavs = G * Rpvsout 3)
where:

Revsout — the output resistance of RVS [1]

At the same time, conditions are also imposed on t,,,
Tayvs - Ry and Ry:

Teon > P

Teon—> 0 4
R, =R,=R;=R,

where:
R;, R, — the resistance of R3, R4 resistors of the subtractor
[3]

Since condition (4) (namely: t.,,, — ) is not technically
realizable (increase in face values of elements will lead to
unstable operation of the operational amplifier (Op-amp)
A1 for the purpose of increase t,,), there will be an inexact
suppression of a noise component (in the area of infra-low

Table 1 Phase shift and noise suppression coefficient
2 inHz 0.1 02
27w
©,4(®) in degrees 57.858 38.512
K, () 1.18 161
Table 2 Output noise voltage of the device
Type of IVR Output noise voltage of IVR in a frequency
band 0.1+10 Hz in pV p-p
MAX872 60
AD584 50
ARD292 12
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frequencies). In other words, there will be a narrow-band
compensation of a noise component of the RVS output
tension due to the arising phase shift. Especially the model
operation of single-stage reduction in RVS noise in case
of usage of elements with marginal parameters: C; = 1 uF;
R, =R,=R;=R,=500k; (1., = 1 ¢) showed the frequency
dependence of both phase shift ¢, 4(®) and noise reduction
coefficient K, 4(®), as shown in Table 1.

The instantaneous value of noise output voltage V,, of
the device performing the RVS single-stage noise reduction
is defined by expression:

Vw((x))z RVS(®)+VA1(0)) (5)
Ky (o)
where:
Vi¢ - instantaneous noise value of the RVS in single-
stage noise reduction
Vays  — instantaneous noise value of the RVS
V,; - instantaneous noise value of Op-amp A1 of

subtractor [3]

Itis possible to reduce the RVS noise when using Op-amp
A1I1C-OP07C with a 0.38 pV peak-to-peak equivalent input
noise voltage in a frequency band 0.1+10 Hz (Table 2).

This apparatus is to change the polarity of the stabilized
voltage (the output voltages of the device and RVS [1] have
opposite signs).

The disadvantage of the single-stage noise reduction
devices is related to the fact that noise component produces
a significant noise level within the infra-low-frequency
range and high demands imposed on a subtractor chain
time constant (ideally, T, >> 1 ¢).

One of possible solutions for the elimination of these
shortcomings lies in transition from the technology of
single-stage noise reduction to the two-stage technology.

Two-stage noise reduction
The two-stage solution (Zhavoronkova and Bondar, 2012)
requires the performance of the following operations:
1. conversion of a spectrum of output voltage of RVS;
2. isolating of a noise (variable) component of the converted
output voltage;

1 10 100
9.048 0.912 0.091
6.4 64 640

Output noise voltage of the device in uV p-p

frequency in Hz

0.1 0.2 1 10
51.2 37.6 9.8 14
42.8 314 8.2 1.2
10.6 7.8 2.3 0.6
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Fig.2 Scheme for two-stage noise reduction

The scheme contains: RVS [1]; converter [2]; decoupling capacitor [3]; subtractor [4]; converter [5]

3. compensation of the noise (variable) component of
output voltage.

The scheme of the device performing two-stage noise
reduction is shown in Fig. 2.

For example, when using MAX872, the RVS output
signal contains a noise component, the lower threshold of
a spectral distribution of which corresponds to the region of
infra-low frequencies (about 0.1 Hz). Converter [2] reduces
the noise level, but, first of all, narrows a spectral band of
a noise component of RVS [1] signal: the lower bound is
increasing with the decline of the upper bound.

This effect is described by an algorithm of the converter
[2] operation:

1. The group delay 1, of the bending-around noise
component of the RVS [1] signal arising due to passing of
the signal through the filter of high frequencies formed
by the C1 condenser and R1, R2 resistors:

do,(®) T
— 2 — con2 6
T et (©) do (t JPRE (6)

con

where:
- the phase shift introduced by the high-pass filter
of converter [2]

T
Peon2 (0‘)) :E_arCtg(w'TconZ) (7)
where:
Tom — time constant of the high-pass filter of converter 2
Teon2 = G (R +R)) (8)
where:
G - capacitance of the isolating capacitor C1 of
converter 2
R, R, — resistance of R1, R2 resistors of converter 2

2. Subtraction of the noise component from the signal of
RVS [1] delayed envelope.
Atthesametime,thefollowing conditionissuperimposed
on the resistance value of resistors of converter [2]:

Ry=R,=R;=R, (9)
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where:
Rs, R, — resistance of R3, R4 resistors of converter [2]

Due to the non-periodicity and non-sinusoidal form of
the envelope of the RVS [1] signal noise component and the
dependence of the group delay from the frequency,

‘L'de,(O)—>0)—>OO}

Tge (@ —>0) > 0 (10)
In this manner, infra-low-frequency and low-frequency
fragments of the envelope of the noise component will be
subjected to fragmentation and partial suppression, and
high-frequency components to complete suppression.

The noise component of the signal of converter [2] is
treated with the help of the capacitor C2 of decoupling
capacitor [3].

The allocated noise component and an output signal
of converter [2] reach inputs of subtractor [4], which
compensates (suppression of) the noise component.

The following condition is imposed on the resistance of
subtractor [4]:

Rs=R;=R, =R, (11)
where:
Rs, Rs, Ry, Rg — resistance of R5, R6, R7, R8 resistors of
subtractor [4]

The time constant 1 of the high-pass filter circuit of
converter [5] formed by the chain C2, R5, R6 is defined by
the following expression:

Teons = G+ (Rs + Re) (12)
where:
G - capacity of decoupling capacitor [3]

The conducted research has shown (Table 3) that when
using the RVS [1] of IVR of the MAX872, AD584, ARD292
series as Op-amp A1 and A2 IC of OP07C with passive
elements:

1. C =025 puF; R = 500 k; (tppy = Teons = 0.25 5), the
instantaneous noise value of the device performing two-
stage noise reduction V,;at frequencies of higher than 10
Hz is determined by the relation:
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Vaa = Vay (13)
where:

V,y - instantaneous noise value
of the device with two-stage
noise reduction

V,, - instantaneous noise value of

the Op-amp A2 of subtractor
[4], approximately 0.38 pV
peak-to-peak

2. C=0.82 uF; R=500 kQ; (Tpn2 = Teons
= 0.82 s), the instantaneous noise
value of the device corresponds
with the noise level of device
performing a single-stage noise
suppression when C = 1 pF (1, =
1 s), resulting from the capacity of
the used capacitors (the lower, the
better); according to Eq. (14), V=1.22
in a frequency band 0.1+10 Hz.

(14)

where:
Ci# G4 — capacities of capacitors in

1. separation of a noise (variable)
component of the RVS non-inverted
output voltage;

2. compensation of a noise (variable)
component of the RVS non-inverted
output voltage;

3. inverting of the RVS output voltage;

4. separation of a noise (variable)
component of the RVS inverted
output voltage;

5. compensation of a noise (variable)
component of the RVS inverted
output voltage.

The circuit of the device for
formation of a bipolar reference
voltage with a single-stage noise
reduction is shown in Fig. 3.

It should be emphasized that
circuit solutions for realization of
blocks 2, 5 (Fig. 3) and block 2 of single-
stage noise reduction device (Fig. 1), as
well as blocks 3, 6 (Fig. 3) and block 3
(Fig. 1) are identical. The main feature
of the scheme shown in Fig. 3 is the
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inverter [4], with elements upon which
condition (15) is imposed:

(15)

where:
R, R, — resistance of R6, R7 resistors

of inverter [4]

Due to the identical parameters
of the circuit elements in single stage
noise reduction and bipolar single
stage noise reduction (Figs 1 and 3),
the degree of noise reduction in the
RVS is the same in both cases.

Bipolar two-stage noise reduction

This solution (Zhavoronkova and

Bondar, 2014) requires performing the

following operations:

1. conversion of a spectrum of the RVS
non-inverted output voltage;

2. separation of the noise (variable)
component of the non-inverted
transformed output voltage;

single-stage and two-stage C 20 ; 3
noise reduction e DU '
i R1 [
K,y - coefficient of noise 1 Vavs : H e - Al A AP
suppression in single-stage | Co ,
noise reduction L4 i :
K,y - resultant coefficient of noise | .
suppression in two-stage ! B3 R4 !
noise reduction : 1 :
Creation of a reference voltage | "~ o T oo oo :
with a two-stage noise reduction, [~~~ ="~ "" "~ 47 5T T 5
taking into account the given level of | At |
noise reduction, implies a significant | A o ! Rs 43 !
reduction in the requirements for the E5 | [ ’ - Vowan
time constant of noise reduction steps | . ! Lo RS :
(converters). : ! L--4 '
. . . ' | RS R7T | . :
Bipolar single-stage noise : : ! R10 R11 '
reduction | . : L] !
— e e e e m e m - - - - 4 '
The bipolar single-stage method "~~~ °"°"°"-"tCTCTCtTTTT -
(Bondar, 2010b)  requires the Fig.3 Scheme for bipolar single-stage noise reduction
performance of the following The scheme contains: RVS [1]; decoupling capacitors [2] and [5]; subtractors [3] and [6];
operations: inverter [4]
Table 3 Output noise voltage of the device
Type of IVR Output noise voltage of IVR in a frequency Output noise voltage of the device in uV p-p
band 0.1+10 Hz in pV p-p .
frequency in Hz
0.1 0.2 1 10
MAX872 60 43.2 235 1.8 0.394
AD584 50 36 20 1.6 0.392
ARD292 12 9 5 0.7 0.383
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Fig.4 Scheme for bipolar two-stage noise reduction

The scheme contains: RVS [1]; converters [2] and [6]; decoupling capacitors [3] and [7]; subtractors [4] and [8]; inverter [5]
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Fig.5 The time diagram of RVS output noise voltage
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Fig.7 The output noise voltage spectrogram of a single-stage noise reduction

3. compensation of the noise (variable)
component of non-inverted output
voltage;

4. voltage inverting;

5. conversion of the inverted stabilized
RVS output voltage spectrum;

6. separation of the noise (variable)
component of the inverted
transformed output voltage;

7. compensation of the noise (variable)
component of the inverted output
voltage.

The scheme of the device for
forming of bipolar reference voltage
with a two-stage noise reduction is
shown in Fig. 4.

The circuit solutions for the
implementation of blocks 2, 6 (Fig.
4) and block 2 (Fig. 2) in two-stage
noise reduction devices, blocks 3, 7
(Fig. 4) and block 3 (Fig. 2), as well as
blocks 4, 8 (Fig. 4) and block 4 (Fig. 2),
are identical. The circuit solution for
realization of block 5 (Fig. 4) and block
4 (Fig. 3) is also identical. Due to the
identity of parameters of elements of
circuit realization (Figs 2 and 4), the
extent of the RVS noise reduction in
both cases is also identical.

The time diagram and spectrogram of
the RVS output noise voltage for the
60 nV peak-peak case are shown in Figs
5 and 6, respectively.

device; C=1pF



Table 4 Comparative assessment of the “output noise voltage” parameter for the RVS
RVS Output noise voltage RVS Output noise voltage
in pV p-p in pV p-p
MAX872 60
ARD292 12
AD584 50
Single-stage noise MAX872 51.2+1.4 Two-stage noise MAX872 43.2+0.394
reduction based on . reduction based .
Op-amp - OPO7C AD584 42.8+1.2 (T AD584 36+0.392
and IVR ARD292 10.6+0.6 OPO07C and IVR ARD292 9+0.383
Russian: Ustrojstvo formirovaniya opornogo
100n napryazheniya s ponizhennym urovnem
20n shumov).
BONDAR, M. S.2010b. Pat. 2428736 - Shaping
> 60n . . .
= device of bipolar reference voltage with
g 40n reduced noise level. Stavropol State Agrarian
S University, Stavropol, Russia. (In Russian:
o 20n . . .
> Ustrojstvo  formirovaniya dvupolyarnogo
0 = " : . . : opornogo napryazheniya s ponizhennym
0 2.0 4.0 6.0 3.0 10.0 urovnem shumov).
Frequency in Hz CVIKLOVIC, V. — OLEJAR, M. — HRUBY, D. -

Fig.8 The output noise voltage spectrogram of a two-stage noise reduction device;

C=082pF
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Fig.9 The output noise voltage spectrogram of a two-stage noise reduction device;

C=0.25pF

Figs 7-9 show the spectrograms of
the output noise voltage of the noise
reduction devices: a single-stage with
C=1 pF (Fig. 7); a two-stage with C =
0.82 uF (Fig. 8); and a two-stage with
C=0.25 pF (Fig. 9).

The comparative assessment of the
“output noise voltage” parameter in
a frequency band 0.1+10 Hz for typical
IVSs and the aforementioned circuit
solutions (Figs 1-4) is presented in Table 4.

Conclusions

1. The noise reduction methods of RVS
presented in the paper, compared to
standard noise reduction methods,
such as:

- filtering the reference voltage
(Morita, 2011);

—-reducing the noise gain
coefficient of the error amplifier
(Morita, 2014) are characterized
by higher indicators. Namely, the
developed circuit solutions for

lowering the output noise level
of the reference voltage sources,
both on the principles of a single-
stage noise reduction, and on
the principles of two-stage noise
reduction, ensure a lowering of
the RVS output noise level to
the level of the intrinsic noise of
operational amplifiers used in the
developed devices.

2. Single-stage noise reduction is
followed by a change of polarity of
the stabilized voltage.

3. Incase of two-stage noise reduction,
relatively single-stage, the final
outcome is dependent on the
capacity size of the used capacitors.
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