BULLETIN of Cherkasy State Technological University

%, e
an

%,

%,

Journal homepage: https://bulletin-chstu.com.ua/en Vol. 30 No. 2. 2025

UDC 621.316
DOI: 10.62660/bcstu/2.2025.53

Broadband high-linearity voltage buffer
with enhanced load-driving capability

Oleksiy Azarov’

Doctor of Technical Sciences, Professor

Vinnytsia National Technical University

21021, 95 Khmelnytske Shose Str., Vinnytsia, Ukraine
https://orcid.org/0000-0002-8501-1379

Serhii Bohomolov

PhD in Technical Sciences, Associate Professor
Vinnytsia National Technical University

21021, 95 Khmelnytske Shose Str., Vinnytsia, Ukraine
https://orcid.org/0009-0003-3823-8380

Oleksandr Lukashuk

Postgraduate Student

Vinnytsia National Technical University

21021, 95 Khmelnytske Shose Str., Vinnytsia, Ukraine
https://orcid.org/0009-0002-7485-1193

Abstract. The development of buffer cascades with high linearity, wide bandwidth, and the ability to work with
low-impedance or capacitive loads is a pressing issue in modern analogue electronics. The aim of this work was
to create a broadband, high-linearity voltage buffer with increased load capacity for use in high-precision systems.
The study used computer modelling to analyse the electrical parameters of the proposed cascade and compared
it with traditional circuits. A new circuit design approach to building a buffer cascade is proposed, based on
an optimised output stage structure and a combination of cascode and push-pull topologies. This configuration
reduces output resistance, minimises nonlinear distortion and ensures high signal transmission stability. Modelling
results confirmed that the developed buffer has an extended bandwidth, improved frequency characteristics and
reduced harmonic distortion over a wide frequency range. In particular, when working with high-capacity loads
(up to 200 pF), a significant reduction in signal delay (up to 80-90%) was observed compared to conventional
complementary metal-oxide-semiconductor implementations. The assessment of the influence of active element
parameters on dynamic stability also confirmed the high reliability of the device under variable load conditions.
The research results can be used to improve the performance of analogue-to-digital converters, drivers, amplifiers
and control circuits operating in modes with increased current load. The practical value of the development lies
in its ability to be integrated into high-precision, energy-efficient and high-speed electronic systems that require
stable operation of the buffer cascade under complex load conditions
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Broadband high-linearity voltage buffer with enhanced load-driving capability

INTRODUCTION
Voltage buffer devices are key components in mod-
ern electronic systems, as they ensure effective signal
matching between different circuit elements. They are
widely used in analogue-to-digital and digital-to-an-
alogue conversion channels, measuring systems, am-
plifiers, communication systems, and radio electronics,
where it is necessary to “uncouple” a low-power input
signal (voltage) generator from a low-impedance load
or to form an output current within a specified range.
One of the key requirements for buffer devices is to en-
sure minimal voltage loss during its transmission from
input to output, which requires a high transmission co-
efficient accuracy, which should be as close to unity as
possible. In addition, it is important to increase the load
capacity,which improves the energy efficiency of the de-
vice and its resistance to changes in load parameters. At
the same time, modern electronic systems impose strict
requirements not only on load capacity, but also on the
linearity of transmission characteristics and broadband
capability. This is especially true for high-frequency
and high-precision applications, where even minor
non-linear distortions can significantly impair device
performance. Traditional voltage buffer circuits often
have limited bandwidth and non-linear characteristics,
which reduces their effectiveness in such applications.
Traditional buffer cascades based on operational
amplifiers have high input impedance and low output
impedance, which allows for effective signal matching
in analogue circuits (Patent No. 158284, 2025). Howev-
er,their bandwidth is limited, making them less suitable
for high-frequency applications. An important area of
research is improving the linearity of buffer devices. In
a study by 0.D.Azarov & 0.Y.Stahov (2022),an approach
was proposed for creating highly linear push-pull volt-
age buffer device cores with parametric zero offset com-
pensation. A method for the structural and functional
organisation of a zero-offset current generator has also
been developed, which allows the output current to
be regulated. This will enable the device to be used in
cases where a leakage current is required for the am-
plifier circuit. The study showed that the introduction
of parametric compensation significantly (by tens of
times or more) reduces zero offset and linearity errors
while maintaining the required level of performance.
In modern research on broadband high-lineari-
ty voltage buffers, considerable attention was paid to
achieving high speed, expanding the passband and
improving the linearity of the transfer characteristics
while maintaining high load capacity. A promising ap-
proach to achieving these goals is the use of adaptive
current bias circuits, which reduce static power con-
sumption and minimise nonlinear distortion, as report-
ed by A.Chang & B.Kong (2020). For example, the use of
cascode structures with adaptive current control during
transient processes improved the stability and dynamic
characteristics of buffers without significantly increas-
ing the size of the chip. Such solutions provide high

linearity and speed, making them suitable for high-
speed analogue circuits with low-impedance loads.

The development of broadband high-linearity
buffers focuses on reducing noise, improving com-
mon-mode rejection, and expanding the bandwidth.
A promising solution for achieving these characteris-
tics is the use of differential cascades with high input
impedance and low noise, which ensure stable signal
transmission even under variable load conditions, ac-
cording to J. Liao et al. (2025). The implementation of
such buffers with a fully differential architecture sig-
nificantly reduces the input noise level and improves
the common-mode rejection ratio while maintaining a
wide frequency range. Such approaches provided high
signal transmission accuracy and effective reduction of
system noise, making them promising for high-preci-
sion analogue circuits.

Biomedical applications require the use of buffer
amplifiers with low power consumption, low noise, and
high gain for accurate reproduction of low-amplitude
signals. One promising approach to meeting these re-
quirements, as pointed out by S. Mythry & J. Moni (2019),
is the use of bulk-driven folded cascode topologies,
which ensure signal stability even at low supply voltag-
es. The use of cascode structures with current mirrors,
such as Wilson current mirrors, allowed for effective
gain increase while minimising noise and power con-
sumption. Such solutions, implemented on modern com-
plementary metal-oxide-semiconductor technologies,
demonstrated high stability and sensitivity, making them
suitable for sensor systems and medical devices where
measurement accuracy and energy efficiency are critical.

Dynamic amplifiers are increasingly used in mod-
ern analogue-to-digital converters due to their high
energy efficiency and speed. However, their main draw-
back remains limited linearity, which can significantly
affect the accuracy of signal conversion. To improve
this parameter, linearisation methods are being de-
veloped, including one by B. Yang et al. (2025), which
allow the nonlinear effects of input transistors to be
compensated for, reducing harmonic distortion with-
out significantly increasing power consumption. The
use of such approaches in modern analogue-to-digital
converter architectures significantly improves the sig-
nal-to-noise-distortion ratio, making them promising
for high-precision and high-speed applications.

A number of important characteristics of traditional
buffer devices, in particular limited bandwidth, insuffi-
cient linearity and low load capacity, complicate their
use in high-frequency and high-precision applications.
Despite existing approaches to compensation for dis-
tortions, the issues of stable buffer operation under
variable load conditions and a wide frequency range re-
main open. This necessitates the development of a new
approach to the construction of a broadband high-lin-
earity voltage buffer with improved performance
characteristics. The aim of the study was to develop a
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broadband high-linearity voltage buffer with improved
performance characteristics, in particular with reduced
nonlinear distortion, increased voltage transfer coeffi-
cient to values close to unity, and high stability under
various load conditions.

MATERIALS AND METHODS
The research methodology was aimed at developing a
broadband high-line buffer device with increased load
capacity that meets modern requirements for speed, ac-
curacy and stability of operation. To achieve these goals,
an approach was chosen that combines theoretical
analysis, computer modelling and comparative analy-
sis of the characteristics of the developed device with
existing solutions. The first stage of the research was a
detailed analysis of existing circuit solutions for buffer
cascades, including cascode, push-pull and differential
structures. A literature review was conducted to iden-
tify the key factors affecting the load capacity, linear-
ity, stability, and frequency characteristics of buffers.
This stage made it possible to formulate requirements
for the developed circuit, taking into account current
trends in analogue device circuitry. At the second stage,
a mathematical model of the buffer device was devel-
oped, taking into account the main static and dynamic
parameters of the circuit. For this purpose, modern soft-
ware tools such as Micro Cap were used, which allow
accurate simulation of electrical processes in complex
analogue circuits. During the modelling, key parameters
such as voltage transfer coefficient, input and output
impedance, bandwidth, speed and harmonic distortion
level were evaluated. This made it possible to analyse
in detail the operation of the device under various load
conditions and identify potential ways to improve it.
Based on the simulation results, an optimised buffer
device circuit was synthesised, which provides increased
load capacity, operational stability and a high voltage
transfer coefficient. At the same time, various options
for cascode and push-pull structures were implement-
ed to improve the dynamic characteristics of the device
and minimise nonlinear distortions. The final stage of
the study was a comparison of the characteristics of
the developed device with existing analogues. For this
purpose, a comparative analysis was carried out, which
included an assessment of such indicators as band-
width, transmission coefficient, distortion level, load
capacity, and energy efficiency. This made it possible to
determine the advantages of the proposed method and
outline possible areas of its practical application, includ-
ing high-speed analogue-to-digital converters, low-dis-
tortion amplifiers, and signal transmission systems.
Methods of buffer voltage excitation. Voltage buff-
ers were used to ensure compatibility between the in-
put signal coming from a high-impedance source and
the low-impedance input of the amplifier (they are also
called voltage repeaters). They are characterised by a
number of properties: their gain is equal to unity, they
have high input impedance and low output impedance.
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Thanks to these characteristics, such devices are effec-
tively used to match different circuit elements. In par-
ticular, buffer cascades were used to match the input
of a high-line analogue-to-digital converter with a cur-
rent or voltage signal source, as well as to match the
output of a digital-to-analogue converter with a load.

This study used a precision buffer device imple-
mented on the basis of a push-pull amplifier cascade
with an operational amplifier in voltage repeater mode.
This configuration allowed high signal transmission ac-
curacy to be achieved thanks to deep feedback, which
ensures minimal static scale and linearity distortions.
To reduce the influence of output resistance and im-
prove load capacity, a multi-stage structure with a high
current transfer ratio was used, which significantly re-
duces transmission characteristic distortions even with
large load changes.

The amplifier cascade was constructed using bipo-
lar transistors, which provide the high gain and wide
bandwidth required for high-speed applications (Rohde
& Newkirk, 2000; Kim et al., 2006). However, the basic
voltage buffer circuit shown in Figure 1 had low load
capacity, determined by the output resistance, which
limited its effectiveness in high-load conditions (Patent

No. 158284, 2025).
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Figure 1. Schematic diagram
of a simplified voltage buffer
Notes: Q - transistor; | - current source
Source: created by the authors based on Patent No. 158284 (2025)
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To eliminate this drawback, a push-pull amplifier
cascade was introduced, which significantly reduced the
output resistance, improving the circuit’s ability to oper-
ate with low-impedance loads and reducing nonlinear
distortion. This solution stabilised the device’s transmis-
sion characteristics, reduced power losses and improved
overall performance, including increased signal transmis-
sion accuracy, improved frequency stability and reduced
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distortion, which are critical for high-precision analogue
circuits. At the same time, the output resistance:

ro=le 1)

It determines how effectively the buffer transmits
the signal from the source to the load without volt-
age loss or distortion. In electronics, the parameter r,
(emitter resistance) is a resistor connected between the
emitter of a bipolar transistor and ground (or another
reference potential) in an emitter follower circuit. It is
key to analysing the operation of transistor amplifiers
and performs several important functions that affect
the stability and dynamic characteristics of the buffer.
The emitter resistance was determined by the thermal
potential and emitter current using the formula:

=2 @
where T¢=25 mV (at room temperature) - thermal po-
tential; /, - emitter current (A). Thermal potential T(p -
is a physical parameter that characterises the effect of
temperature on the operation of semiconductor compo-
nents, in particular transistors. It played a key role in the
formation of current in p-n junctions of transistors and
determines the dependence of the electrical character-
istics of the buffer on temperature. It is calculated as:

Tp=— ©)

where k=1.38 x 1022 J/K - Boltzmann constant; T - ab-

solute temperature (in Kelvin); g=1.6 x 10 C - elec-

tron charge. Calculation example - if the emitter cur-
rent /=1 mA, then:

_25mv

Te =T

= 25 ohms. 4)

Thus, r, is a dynamic resistance and depends on the
emitter current. The greater /, the smaller r, which af-
fects the amplifier parameters. The presence of output
resistance in the circuit causes distortion of the trans-
fer characteristic and a change in scale. To increase
the load capacity and maintain the required linearity, a
push-pull two-channel current amplifier was included
in the circuit. The generalised structure of such a buffer
device is shown in Figure 2 (Azarov & Stahov, 2022).
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Figure 2. Functional diagram of a precision buffer
device based on a push-pull symmetrical structure
Notes: U, - input voltage; K i K- amplifying stages; BS -
balancing scheme; BC1 i BC2 - current switches; U, - output

voltage
Source: created by the authors based on 0.D. Azarov &
0.Y. Stahov (2022)

The basis of this device is the core, which was also
designed according to a push-pull circuit. The use of
a push-pull amplifier for direct current helped to in-
crease the load capacity while maintaining the estab-
lished linearity of the core. It should be noted that it is
the core that determines the potential characteristics
of the entire system. At the same time, the error levels
of individual elements can significantly depend on the
specific implementation of the device core circuitry. The
balancing circuit provided a proportional relationship
between the transmission coefficients and equalises
their values across the entire input signal range (Azarov
& Stahoy, 2022). To achieve self-balancing, the follow-
ing condition must be met:

"1

C= (5)
where Ip - is the operating point current. In this case,
the amplification coefficients must be equal to:

Ki’ = Ki”' (6)

In this case, to increase the load capacity and en-
sure the necessary linearity, a possible option is to in-
troduce a push-pull amplifier cascade on transistors
Q45 and Q46, as shown in diagram 2 (Fig. 3). The push-
pull structure provided symmetrical signal transmis-
sion, minimising nonlinear distortion due to identical
operating conditions for both halves of the cascade.
It also allows for an increase in output current, which
improves the cascade’s ability to operate with low-im-
pedance loads, improving signal transmission stability.
Additionally, the push-pull circuit reduces the influence
of thermal effects and improves the voltage transfer ra-
tio, making it an effective solution for high-speed and
high-linearity analogue devices.
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Figure 3. Schematic diagram
of an improved voltage buffer
Notes: Q - transistor; | - current source
Source: created by the authors based on Patent No. 158284 (2025)
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The addition of a push-pull amplifier stage (PAS) in
the feedback loop between the amplifying core and the
load makes it possible to reduce the output impedance
to a value of:

Tout = ,z_i, (7)
where K. - total PAS amplification factor, calculated us-
ing the formula:

_2K{K]'
Tl +k!"

K; 8

This method ensured high accuracy and stability
of the buffer device with minimal distortion, which is
critical for high-speed analogue applications. This al-
lows for effective signal matching between a low-pow-
er source and a low-impedance load, minimising power
loss and ensuring high signal transmission linearity.

RESULTS AND DISCUSSION
The results of the study showed that the introduction
of an amplifier cascade significantly improved the

O. Azarov et al.

stability of the device’s linearity when the load changed.
As can be seen from Table 1, Circuit 1 shows a signifi-
cant increase in linearity deviation with a decrease in
load resistance, reaching almost 700 pV at a load of
1 kOhm. This indicates that at low resistance values,
the output cascade without an amplifier loses its abil-
ity to maintain stable transfer characteristics, which
can lead to significant signal distortion and reduced
data transmission accuracy. At the same time, circuit 2,
which uses a push-pull amplifier stage, demonstrates
significantly better stability, maintaining a low level of
linearity deviation even with a significant decrease in
load resistance. The deviation index for this circuit var-
ies only from 12.32 pV to 13.63 uV, which indicates the
high efficiency of this solution for ensuring high signal
transmission accuracy. This confirmed the feasibility of
using amplifier stages to improve the load capacity of
buffer devices, especially when working with low-im-
pedance loads, which is critical for high-speed and
high-line analogue circuits.

Table 1. Dependence of linearity deviation on load resistance

\ Load resistance, kOhm None 10 5 2 1
| Linearite deviation. uv Circuit 1 12.47 4015 80.71 256.59 697.93
| y H Circuit 2 12.32 12.58 12.63 13.02 13.63

Source: created by the authors

The graphs in Figure 4 show the dependence of
transmission characteristic deviations for circuits
without an amplifier cascade (a) and with an ampli-
fier cascade (b). As can be seen, the introduction of
an amplifier cascade significantly stabilised the circuit
operation, reducing the level of nonlinear distortions.
In the case of a circuit without an amplifier, a signifi-
cant increase in deviation is observed when the input
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voltage changes, which can lead to a loss of signal
transmission accuracy. At the same time, the circuit
with an amplifier stage demonstrates more stable
characteristics, maintaining a low level of distortion
even with large changes in the input signal. This con-
firms the feasibility of using amplifier stages to ensure
high signal transmission accuracy, especially under
variable load conditions.

-2.000 gy 0.000

2.000 4.000 5.000

0.000 2.000 4.000 5.000

2.000 4.000 5.000

b -5.000 -4.000 -2.000

V(V5) 0.000

2.000 4.000 5.000

Figure 4. Transmission characteristic deviations

Notes: a - simple buffer device; b — improved buffer device

Source: developed by the authors as a result of modelling in Micro Cap
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The amplitude-frequency characteristic was a
critically important parameter in the design of volt-
age buffers, as it determined the device’s ability to
maintain a stable output signal at different input sig-
nal frequencies. In the case of voltage buffers, espe-
cially for broadband and high-line models, the ampli-
tude-frequency characteristic is crucial for ensuring
efficient operation at high frequencies, minimising
distortion and maintaining linearity under heavy
loads. One of the main tasks for broadband buffers
was to maximise the bandwidth without significantly
affecting linearity. This can be achieved by optimis-
ing circuit design solutions, such as the introduc-
tion of cascode or push-pull topologies, which help
to reduce parasitic effects that limit the bandwidth.
These approaches make it possible to maintain stable

linearity even at high frequencies, which is critical for
buffers operating with high loads.

High-linearity voltage buffers must ensure minimal
distortion of the input signal over a wide frequency
range. The linearity of the amplitude-frequency re-
sponse is a key parameter because it affects the accura-
cy of signal reproduction. In voltage buffers, especially
in high-precision applications, it is important that the
amplitude-frequency response remains linear through-
out the entire operating frequency range. This helps to
avoid non-linear signal distortions such as harmonic
distortion or changes in amplitude. In buffers with low
linearity, there was a significant increase in the har-
monic distortion coefficient with increasing frequency
or input signal voltage. The amplitude-frequency char-
acteristic graphs are shown in Figure 5.
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Figure 5. Amplitude-frequency characteristics of a simple and improved buffer device
Source: developed by the authors as a result of modelling in Micro Cap

The implemented precision buffer amplifier, based
on a push-pull symmetrical structure, has the follow-
ing parameters: input signal range: # 5V; output cur-
rent: £5 mA; zero offset distortion; scale distortion;
linearity distortion. Therefore, optimising the ampli-
tude-frequency characteristics was an important step
in creating highly efficient voltage buffers, especially
for devices that operate in broadband ranges and re-
quire high linearity. Ensuring stable signal transmission
with minimal distortion is critical for achieving high ac-
curacy and reliability in analogue circuits. The choice of
buffer amplifier topology, such as push-pull symmetri-
cal structures, reduces the level of nonlinear distortion,
reduces scale and zero offset distortions,and provides a
wide range of operating signals. This makes such solu-
tions optimal for use in high-precision measurement
systems, analogue-to-digital conversion devices, and
other high-speed analogue applications where signal
transmission accuracy, energy efficiency, and stable op-
eration under high loads are critical.

In electronic systems, buffer devices perform an
important function by ensuring signal consistency be-
tween different circuit components, reducing distor-
tion and ensuring stable operation of both analogue
and digital devices. Between 2000 and 2020, signifi-
cant research was conducted to improve buffer cas-
cades, in particular to improve their linearity, expand
their bandwidth, and increase their load capacity. One
of the main areas of application for buffer devices is

analogue-to-digital and digital-to-analogue convert-
ers, which are an integral part of modern electronic
systems, performing the function of communication
between analogue physical quantities and digital com-
puting systems. The work of P.Horowitz & W.Hill (1981)
covered a wide range of issues related to the principles
of operation, characteristics and practical application
of these devices. The authors emphasised that signal
conversion systems are used in measuring instruments,
communication devices, image processing and other
high-precision fields. The works of B. Cordell (2010)
and P.E. Allen & D.R. Holberg (2011) included an anal-
ysis of the main types of analogue-to-digital and dig-
ital-to-analogue converters, the features of their in-
teraction with microprocessor systems, and described
typical application circuits - from simple elements to
integrated data acquisition systems. Special attention
was paid to testing methods and converter specifica-
tions, which are critical for their correct integration
into practical solutions. In addition, the work consid-
ered specialised forms of converters, such as video
converters, devices for synchronous and resolver sys-
tems, as well as voltage-to-frequency converters. Much
attention was also focused on auxiliary components,
in particular analogue reference sources, multiplexers
and switches, which are important for improving the
accuracy and speed of circuits.

The textbook by T.C. Carusone et al. (2011) dis-
cussed the principles of designing analogue integrated
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circuits, in particular buffer amplifiers. The authors
have analysed in detail the methods for achieving high
linearity and wide bandwidth, which are key aspects
for buffers with increased load capacity. Particular at-
tention was paid to circuit solutions that ensure stable
operation under variable load conditions.

The development of integrated circuits has signifi-
cantly changed traditional approaches to the design of
electronic devices, particularly in the field of analogue
electronics. In the study by W. Sansen (2007) the key as-
pects of analogue integrated circuit design were high-
lighted, focusing on their capabilities, limitations and
design philosophy. The author provided practical advice
for both analog integrated circuit designers and engi-
neers involved in their integration into complex elec-
tronic systems. One of the important points discussed
in U.Tietze & C.Schenk (2008) is the impact of integrat-
ed circuit technologies on traditional methods of de-
signing analogue devices. The authors emphasised that
the development of microprocessors and digital signal
processing has led to significant improvements in ana-
logue circuits, especially in areas that actively interact
with digital devices. This, in turn, has contributed to the
creation of complex integrated systems that combine
analogue and digital functions on a single chip, ensur-
ing high performance and signal processing accuracy.
The study also highlighted the basic principles of an-
alogue integrated circuit design, including methods
for reducing distortion and improving linearity and
stability. The technological limitations of analogue mi-
crocircuit manufacturing were considered separately,
as well as the trade-offs between performance, power
consumption and chip area.

The book by A.H.M. Roermund et al. (2010) con-
tained a collection of modern approaches to the de-
sign of analogue circuits, including buffer cascades for
high-speed converters. Methods for reducing nonlin-
ear distortions and improving energy efficiency were
discussed, which are relevant for the development of
buffers with high load capacity. Another key issue in
electronic circuit design is reducing delay and pow-
er consumption, especially under conditions of heavy
load on the output stages. One effective approach to
solving this problem is to use bipolar complementa-
ry metal-oxide semiconductor buffers, which combine
the advantages of bipolar and complementary met-
al-oxide semiconductor technologies, providing high
speed and efficient signal transmission at low supply
voltages. The article by M. Kaviani et al. (2016) present-
ed bipolar complementary metal-oxide semiconductor
buffers operating in the voltage range of 0.8-1.5 V and
demonstrating efficient charging and discharging of
load capacitors with reduced delay. According to the
simulation results, such buffers operate effectively
over a wide range of capacitances (0.5-200 pF), making
them suitable for circuits with different load levels. The
proposed circuits reduced delay by 88% compared to
traditional complementary metal-oxide semiconductor
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buffers at high load capacitance values. It has also been
established that bipolar complementary metal-oxide
semiconductor buffers have a higher operating fre-
quency range compared to complementary metal-ox-
ide-semiconductor (CMOS) implementations: when the
capacitance exceeds 200 pF, the operating frequency
of complementary metal-oxide semiconductor buffers
decreases by 25% compared to bipolar complementary
metal-oxide semiconductor analogues.

The textbook by B.Razavi (2016) provided a detailed
description of the design of analogue CMOS integrated
circuits, in particular buffer amplifiers. The author ana-
lysed methods of linearisation and distortion compen-
sation, which are important for achieving high accuracy
and stability of buffers under variable loads. RJ. Bak-
er's (2010) book covered the practical aspects of design-
ing, tracing, and modelling CMOS circuits. It discussed
various buffer amplifier topologies, methods for reduc-
ing output resistance and improving linearity, which
are critical for ensuring high load capacity and wide
bandwidth. The publication by M. Fakhfakh et al. (2013)
presented a systematic approach to the design of an-
alogue and mixed-signal circuits. Particular attention
was paid to methods for synthesising buffer amplifiers
using only voltage and current repeaters, which contrib-
uted to achieving high linearity and wide bandwidth.

One of the directions in the development of broad-
band high-linearity voltage buffers was to reduce pow-
er consumption and increase speed at low operating
voltages. A promising solution is the use of heterojunc-
tion tunnel transistors, which have a lower subthresh-
old slope compared to standard metal-oxide-semicon-
ductor field-effect transistors, allowing for significant
improvements in energy efficiency even at low power
levels (Sharma & Mehra, 2011; Park & Yoo, 2013). The
main features of such transistors are asymmetric cur-
rent and increased Miller capacitance, which creates
additional challenges for the design of high-speed
circuits. However, the use of heterojunction tunnel
transistors in ring generators can significantly reduce
dynamic power consumption, and the use of hetero-
junction tunnel transistors in memory cells can signif-
icantly reduce static power losses. These advantages
make heterojunction tunnel transistors promising for
broadband analogue circuits with high load capacity,
where high energy efficiency, low power loss and oper-
ational stability are critical.

The book by P.Mak & R.P.Martins (2012) focused on
techniques for designing analogue and radio frequency
(RF) electronic circuits for nanometre CMOS technolo-
gies. Methods for implementing buffer cascades capa-
ble of operating at high and mixed voltages were con-
sidered, which allowed for high linearity and efficiency
under significant loads. Thus, the use of bipolar com-
plementary metal-oxide semiconductor buffers signifi-
cantly improves the speed of output cascades, reduces
delay, and ensures stable operation of circuits at high
load levels, making them a promising solution for use
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in high-speed analogue-to-digital and digital-to-ana-
logue systems. A review of the literature has shown that
the creation of broadband high-Llinearity buffer devices
is an important and relevant task in modern electronics.
Research has shown significant progress in improving
linearity, expanding bandwidth, and increasing the load
capacity of buffer cascades, which is critical for use in
high-precision measurement systems, communication
devices, and signal processing.

Works related to traditional buffer cascades based
on operational amplifiers demonstrated their effective-
ness in low-frequency circuits, but bandwidth limita-
tions restrict their use in high-speed conditions. Current
research was focused on the development of push-pull
high-line structures with parametric compensation,
which significantly reduces distortion and improves the
metrological characteristics of devices. In addition, the
significant impact of digital signal processing and in-
tegrated circuits on analogue devices should be noted.
Advances in microprocessor technologies have contrib-
uted to the improvement of analogue integrated circuit
design methods, enabling the creation of complex mul-
tifunctional devices that can integrate analogue and
digital blocks on a single chip.

CONCLUSIONS

The study considered the proposed approach to con-
structing a broadband high-Llinearity voltage buffer
with enhanced load-driving capacity, which allows for
effective matching of low-power signals with low-im-
pedance loads. The proposed circuit solution was based
on the use of cascode and push-pull topologies, which
helps to reduce nonlinear distortions, improve stability,
and expand the device’s bandwidth. A buffer device cir-
cuit has been created that meets the increased require-
ments for load capacity and voltage transfer coefficient.
The proposed solution, based on a push-pull symmetri-
cal structure, provides a wide input signal range of 5V
and an output current of up to*5 mA. During model-
ling, a low level of zero offset deviation (no more than
1 mV), scale deviation (0.0001%) and linearity deviation
(0.000005%) was achieved, which indicates high signal
transmission accuracy.

A comprehensive analysis of the static and dynam-
ic characteristics of the buffer cascade was carried out
using modern simulation software such as Micro Cap.
The influence of transistor element parameters on the
stability of the device was investigated, in particular
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AHoTauiga. Po3pobka 6ydhepHUX KacKagiB i3 BUCOKOH NiHIMHICTIO, LUMPOKOK CMYrow NMPOMNyCKaHHS Ta 34aTHICTO
npawuBaTh 3 HU3bKOOMHUM ab0 EMHICHUM HaBaHTaXEHHSIM € aKTyalbHWUM 3aBAAHHSAM Cy4yacHOi aHanorosoi
€/1eKTPOHiKK. MeToto L€l pob0oTn ByNno CTBOPEHHS LUIMPOKOCMYTOBOrO BUCOKONIHIMHOrO 6ydepa Hanpyru 3 NiaBULLEHO
HaBaHTAXYBaJIbHOI 3[4aTHICTIO A9 3aCTOCYBaHHS Y BUCOKOTOUYHMUX cUCTEMAX. Y AOCNIAXKEHHI BUKOPUCTaHO MeToA,
KOMMIOTEPHOr0 MOAENIOBAHHS ANS aHaNi3y enekTpUYHMUX NapaMeTpiB 3anponoOHOBAHOM0 Kackaay, a Takox NpoBeAeHo
NOPIBHAHHS 3 TPAAULIMHMMU CXeMaMU. 3anNpONOHOBAHO HOBMIM CXEMOTEXHIYHMIA Niaxia fo nobynosu bydepHoro
Kackaay, wo 6a3yeTbcs Ha ONTUMI30BAHIM CTPYKTYpPi BUXiAHOMO eTany Ta NOEAHAHHI KACKOAHOI | 4BOTAKTHOI TOMOOTIiN.
Taka KoH@irypauis 0O3BONSE 3HU3UTU BUXILHMI OMip, 3MEHWMWTU HENiHIAHI BUKPUBNEHHS | 3abe3ne4nTn BUCOKY
cTabinbHiCTb Nepenadi curHany. Pesynstatv MoaentoBaHHS NiATBEPANAM, WO po3pobneHunii bydep Mae po3LMpeHy
CMYTy NPOMYCKaHHA, NOKPALWEHi YaCTOTHI XapaKTEPUCTUKM Ta 3HUXKEHE rapMOHiIYHE CMOTBOPEHHS B LUMPOKOMY
[iana3oHi YacToT. 30KpeMa, Nig Yac poboTH 3 HAaBaHTAKEHHAMU BenuKoi eMHOCTI (8o 200 nd) cnocTtepiranocs cyTTeBe
3HWXEHHS 3aTpuMKK curHany (8o 80-90 %) y NOpiBHSAHHI 3i 3BUY4aMHUMKU KOMMNIEMEHTAPHUMU CTPYKTYpaMU MeTan-
OKCMA-HaNiBNpoBiAHMK peanizauismu. OuiHKa BNIMBY NapaMeTpiB akTUBHUX €NEMEHTIB Ha AMHAMIYHY CTabinbHICTb
pob0TM TaKoX 3aCBifuMNa BUCOKY HafLiMHICTb NPUCTPOIO B YMOBAX 3MIHHOTO HAaBaHTaXeHHS1. Pe3ynbTati foCnigKeHHs
MOXYTb 6YTW BUKOPUCTaHi ANS NOKpALLEHHS NPOAYKTUBHOCTI aHanoroso-uMdpoBMX NepeTBoploBaYiB, ApanBepis,
NiACKIIOBAYIB | CXEM KEPYBaHHS, LLO MPALIO0Tb Y PEXMMaX i3 NiABULLLEHUM CTPYMOBUM HaBaHTaXeHHAM. [TpakTnyHa
LiiHHICTb pO3pObKK NoNgra€e B MOXAMBOCTI i iHTerpauii y BUCOKOTOUHI, eHeproe@eKkTUBHI Ta LBUAKOAIMHI €NeKTPOHHI
cUcTeMM, WO NoTpebyoTb CTabinbHOi po6oTH BydepHOro Kackay 3a CKafHUX YMOB HAaBaHTAXEHHS

KntouoBi cnoBa: BMCOKOHABAHTAXEHICTb; BMCOKOTOYHICTb; OypepHUi NpUCTPii; KaCKOAHWI Kackan; ABOTAKTHA
CTPYKTypa
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