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Implementation of Low-output-impedance Sinusoidal Oscillator
and Its Modification for use in Filters

Abstract. In this paper, we propose a voltage-mode sinusoidal oscillator and its modification for use in filters. The circuit comprises two
commercially available ICs: LT1228, a single resistor, and only two grounded capacitors. The sinusoidal signals of the proposed circuit are
generated with a 90° shift at low-output-impedance ports. The condition and frequency of the oscillation can be freely controlled by setting the
transconductance gains. Furthermore, the frequency and amplitude of the signals can be directly controlled by adding external resistors to adjust the
voltage amplifier. In addition, our proposed sinusoidal oscillator can be slightly modified for operation with low-pass, band-pass, and high-pass filters.
The quality factor can be easily and independently set by adjusting the resistor values. The implementation is used to improve the theoretical
analysis. All results are in accordance with the theoretical analysis.

Streszczenie. W pracy proponujemy napieciowy generator sinusoidalny i jego modyfikacje do zastosowania w filtrach. Obwéd sktada sie z dwdch
dostepnych na rynku ukfadéw scalonych: LT1228, pojedynczego rezystora i tylko dwdch uziemionych kondensatoréw. Sygnaty sinusoidalne
proponowanego uktadu sg generowane z przesunigciem o 90° na portach o niskiej impedancji wyj$ciowej. Stan i czestotliwo$¢ oscylacji mozna
dowolnie kontrolowac, ustawiajgc wzmocnienia transkonduktancji. Ponadto czestotliwo$¢ i amplitude sygnatéw mozna bezposrednio kontrolowac
poprzez dodanie zewnetrznych rezystorédw do regulacji wzmacniacza napiecia. Proponowany przez nas generator sinusoidalny mozna nieznacznie
zmodyfikowa¢ do pracy z filtrami dolnoprzepustowymi, pasmowoprzepustowymi i gérnoprzepustowymi. Wspétczynnik jakoSci mozna fatwo i
niezaleznie ustawic, dostosowujgc warto$ci rezystoréw. Implementacja stuzy do usprawnienia analizy teoretycznej. Wszystkie wyniki sg zgodne z

analizg teoretyczng. (Projekt niskoimpedancyjnego generatora sinusoidalnego i jego modyfikacja do zastosowania w filtrach).

Keywords: low-output-impedance, voltage-mode, sinusoidal oscillator, low-pass filter, band-pass filter, high-pass filter, LT1228 IC.
Stowa kluczowe: generator sinusoidalny, wzmacniacz transkonduktancyjkny, filtr.

Introduction

Sinusoidal signals are famous for use in analog signal
processing circuits and systems [1-16]. Especially, the 90°
phase-shifted sinusoidal signals, well known as quadrature
signals, have been advantageous in communication
systems [1-7]. It is mainly used in quadrature mixers, single
sideband modulation, and demodulation circuits in
communication systems [9, 11-13]. In addition, sinusoidal
signals are used in invertor and convertor circuits in power
electronic systems [14-16]. Moreover, instrument and
measurement systems must be provided with sinusoidal
signals [4, 15-16]. Besides, sinusoidal signals are important
to use for teaching or learning in laboratory of electronics
and telecommunication engineering [14]. As mentioned
above, sinusoidal oscillators are widely researched as well
as reported in literature [1-16]. Their details will be
remarked as follows. The sinusoidal oscillators in [1, 3, 8-9]
are easily controlled in terms of their oscillation frequency
by adjusting a single resistor. The electronic controlling of
frequency and condition of oscillation are presented in [2, 4-
6, 12-16] that are suitable for application control with
microcontrollers or microprocessors [4]. The voltage-mode
sinusoidal oscillators in [8-9, 14] used only single active
element, which is compact and can be easily constructed.
The frequency and condition of oscillation of circuits in [1-6,
12-13, 15] can be independently adjusted. The experiments
on sinusoidal oscillators based on commercially available
ICs in [4-6, 12, 14-16] can be directly controlled by external
bias currents or voltages. Subsequently, the experiment on
circuits in [4] can be adjusted in terms of its frequency,
condition, and amplitude.

However, the sinusoidal oscillators mentioned above
have some disadvantages that are detailed as follows:

(i) The output voltages are high-output-impedance ports
[5-7, 9, 12, 15-16], requiring a voltage buffer for connection
to the next stages or other circuits.

(ii) The circuits must be used for floating capacitors [10-
11, 13], which is unsuitable for integrated circuit
configuration.

(iif) Some circuits [8, 10, 14] cannot generate quadrature
sinusoidal signals.

(iv) The proposed circuits are used with many active
elements [5-6, 15];

(v) The results do not verify the performance of the
experiment [2-3, 7-9].

A comparison of the proposed sinusoidal oscillator and
the previous publication is presented in Table I.

Simultaneously, various universal filters are used for
analog signal processing. The implementation and
experiments of universal filters have been published the
most [17-26]. The output responses of the filter circuit in
[17] are denoted as low-pass, high-pass, and band-pass,
and can be electronically controlled. Moreover, the output
signals must be used as current mirror circuits to connect to
other stages. The voltage-mode universal filters in [18-19]
are compacted because they use a single LT1228 IC;
however, they are required to use a floating capacitor. The
filters proposed in [20-21] realize five standard filter
functions and can be controlled using an electronic method.
Nevertheless, they have some disadvantages, such as the
voltage outputs of [20], which are high-impedance ones,
similar to the pole frequency, and the quality factor in [21]
must be simultaneously adjusted. The high-input-
impedance filter in [22] was introduced to electronic
adjustability and realized all filter functions, but it
necessitates the use of three active elements. The pole
frequency and quality factor of the filters in [23-24] are
presented via an independent adjustment. The filters
proposed in [25-26] are essential for IC fabrication because
they use only grounded elements and their sensitivities are
low. However, the filter in [23, 26] cannot be electronically
controlled, which is unsuitable for use in automatic systems.

We herein propose a low-output-impedance of a
voltage-mode sinusoidal oscillator and its modification for
use in filters. The proposed circuit uses commercially
available ICs LT1228, one resistor, and two grounded
capacitors. The frequency and condition of the oscillation
can be easily controlled via external bias currents. In
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addition, the frequency and amplitude are directly adjusted
by adding external resistors to tune the voltage gain.
Moreover, the proposed sinusoidal oscillator can be slightly
modified for filters that are low-pass, band-pass, and high-
pass responses. As well, the quality factor can be controlled

by a single resistor without affecting the pole frequency, and
the pole frequency can be adjusted using the electronic
method. The explanation of the proposed circuit and its
results is detailed as follows:

Table | Comparison of the proposed sinusoidal oscillator and the previous publication
Ref. Active No. of Active No. C Only Grounded Electronic Low- Quadrature Results
element elements +R Capacitor tuning impedances signal
ports
[1] CDBA 2 2+3 Yes No Yes Yes Experiment
[2] VDBA 2 2+1 Yes Yes Yes Yes Simulation
[3] CDBA 2 2+4 Yes No Yes Yes Simulation
[4] LT1228 3 2+1 Yes Yes Yes Yes Experiment
[5] OTA 5 2+0 Yes Yes No Yes Experiment
[6] OTA 5 2+0 Yes Yes No Yes Experiment
[7] CCll 2 2+3 Yes No No Yes Simulation
[8] FTENTA 1 2+2 Yes Yes Yes No Simulation
[9] DVCC 1 2+2 Yes No No Yes Simulation
[10] CFOA 2 2+4 No No Yes No Experiment
[11] CDBA 2 7+7 No No Yes Yes Experiment
[12] MO- 2 3+0 Yes Yes No Yes Experiment
CCCCTA
[13] CDBA 2 2+4 No No Yes Yes Experiment
CDBA 2 2+4 No No Yes Yes Experiment
CDBA 2 2+5 Yes No Yes Yes Experiment
CDBA 2 2+5 Yes No Yes Yes Experiment
[14] LT1228 1 2+1 Yes Yes Yes No Experiment
[15] OTA 4 2+0 Yes Yes No Yes Experiment
[16] VDTA 1 2+0 Yes Yes No Yes Experiment
Proposed LT1228 2 2+1 Yes Yes Yes Yes Experiment
circuit

Materials and methods
LT1228

The active element of the proposed circuit is a
commercially available IC, LT1228. It is a product of the
Linear Technology Corporation [27] and is versatile for
analog signal processing. The electrical symbol of LT1228
is depicted in Figure 1 (a), and its equivalent circuit is
shown in Figure 1 (b). The construction of LT1228 is shown
in Figure (c), involving an operational transconductance
amplifier (OTA) and a current feedback amplifier (CFA). The
OTA has a high-impedance differential input, and the
transconductance gain gn is set by the externally controlled
current that flows into Pin 5 (Isgr), while g, =10l . The
CFA has very-high-input and low-output impedances;
therefore, it is an excellent buffer for the output of the OTA.
The ideal electrical properties of the voltage and current of
LT1228 are detailed in the following equation:

.| |0 0 0 0 o,
I,.| |0 0 0 0 oV
1 _ .
( ) Iy = gm _gm 0 0 0 Vz
v, 0 0 1 0 o,
v, 0 0 0 R O,
Here, gm denotes the transconductance gain for

converting the difference voltages of V+ and V- ports to the
current at the y port.

Proposed low-output-impedance sinusoidal oscillator
Figure 2 presents a schematic of the proposed low-
output-impedance sinusoidal oscillator. The sinusoidal
oscillator utilizes two LT1228, one resistor, and only two
capacitors connected to the ground. The sinusoidal signals
are generated in the voltage mode, and the outputs are at
the low-output-impedance ports. Consequently, output
signals can be directly cascaded or connected to other
stages or circuits. The characteristic equation of the
schematic can be analyzed using the electrical properties of

LT1228 in Equation (1):

1 S
@) S 4| — =0y [—+ i =0
R1 C2 RICICZ
The proposed circuit can generate sinusoidal signals by

setting the oscillation condition. This can be succeeded by
configuring as follows:

1
3 —= .
( ) Rl gm2
]i[SET
v,
AN v
“|oLTi2es whb—s
V. ]u
O%I— -y X
P
v, Vi
(@
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[}
: : I/w
! g
vl QRF i
o—1—o :
(b)
y [ KR
V.2 v [M+Vee
V. 3] B g w
Vee 4 3] lser
(c)

Fig. 1. The LT1228 (a) electrical symbol, (b) equivalent circuit, and
(c) pin configuration
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Fig. 2. Proposed sinusoidal oscillator

The frequency of oscillation is successfully determined
by the following equation

(4) fiee =L _Om .
27\ RC,C,

The condition and frequency of oscillation can be
substituted for the transconductance gain in Equations (3)
and (4), respectively. The condition of oscillation is

electronically adjustable by the external DC current lg;,,
which is expressed as

1
(5) EElOISETZ'

1
In addition, the frequency of oscillation can be
electronically adjustable by the external DC current g,

which is given by

(6) f :L 10ISET1
* 27\RCC, "

and the frequency of oscillation is proportional to the
externally controlled current. The condition and frequency of
oscillation are independently/electronically adjustable with
two separate gm.

Furthermore, the transfer function of sinusoidal signals
can be expressed as

Voi(®) _ On
) VISV

Vo, (S) Cs
The phase relation of sinusoidal signals becomes 90°, i.e.
®) YoU®) _| G |-

Vo, (jo) |Co

[0) 1 Wose 1

(9) SQ:TC =E ! SRI’CI’CZ 2_5'

It is clear that the sensitivities are less than unity.

Effect of parasitic elements

LT1228 has a parasitic element at high-impedance ports
such as V+, V-, and y ports. These parasitic elements have
high-value resistors connected to the ground and low-value
capacitors connected to the ground. The output ports x and
w are in series with low-parasitic-values of resistors. The
details are presented in Figure 3.

v, | [
v o
' R . W
TR LTI228 W —wi——o
= = |
Vo | I
ﬁﬂ—gv % |
iIC. =R R
: 1: L '—’\N\):—"' R :
i = 7 |
I C I
Ot Y b __ 4
Yo X

Fig. 3. LT1228 with the parasitic elements

The characteristic equation of the proposed sinusoidal
oscillator is reanalyzed by including the parasitic elements
of LT1228, where R; >> Ry and Ry, that is,

52 +[i+h+i_gﬂjs
C, G, G, G
+ GyIGTZ +GylGl —8m Gyl +8m G
CrCr,

Subsequently, the frequency and condition of oscillation
are modified in Equations (11) and (12), respectively.

(10)
=0

(11) o = \/GyIGTZ +GylGl —8m2 Gyl +Z2m Gl
OSC CTICTZ

and

G
(12) _yl+h+iz@l

CTl CTZ CTz CT2
where G, =C +C,, G, :C2+sz+c\/+2+cv,1v
G =l/'R, G,=1/R, and G;,=G,+G, ,+G, =
/R, +1/R, , +1/R, .

The parasitic elements depreciate the performance of
the proposed oscillator. However, the effect of the
frequency and condition of oscillation can be directly solved
and corrected by a slight adjustment of the
transconductance gain of LT1228.

Frequency and amplitude increments of the proposed
sinusoidal oscillator

The frequency of oscillation can be controlled by adding
a voltage amplifier, as shown in Figure 4. It can be set up
by adding external resistors, R., and R.,. Then, the

oscillation frequency becomes

(13) fosczi W0leri [ Res 4]
27\|RCC, (R,
Vor
R, Res
ANNA—
i
y Vv, V. WX [

©
©

1
L ;cl

Fig. 4. Proposed énusoidal oscillator with frequency and amplitude
adjustment

However, the external resistors R., and R, are
directly affected by the amplitude of the output voltage V,, .

In addition, the voltage gain of the output voltage, VC;I and

V,, can be calculated as

(14) A v, 1
=2 =—""11.
: VOl RFZ

Therefore, the frequency of oscillation can be directly
adjusted by g,,, the voltage gain, or both.
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In addition, the amplitude of the output voltage V,, can
be adjusted by adding a voltage amplifier. It is set up by the
external resistors, R,, and R,,, the voltage amplifier is not

affected by the frequency and amplitude of VO'1' The

amplitude of the output voltage V, in relation to V,, can
be detailed by using the following expression:
RAI

15 A —V°2 1
= = +1.
(15) Y R.,

02
The frequency and amplitude can be adjusted by adding

a voltage amplifier as well as the output voltages Vo'I and

Véz are low-output impedances that do not require a buffer
devices.

Experimental results
The experimentation of the proposed sinusoidal
oscillator in Figure 4 can be achieved by configuring the

external passive elements as, R =1kQ,
R:, =R, =R, =R, =10kQ and C, =C,=InF. The
Siglent SPD3303C power supply was used to power the
voltage bias of the circuit by setting it to +5V . The
condition of oscillation is electronically set by configuring
the transconductance gain at g,, =1000xA/V , and the

external bias current |y, =1004A . Simultaneously, the
frequency of oscillation is electronically set by defining the
external  bias  current ler, =100A for  the

transconductance gain ¢,, =1000uA/V . These external

bias currents were tested with a Keysight 34461A
multimeter for supplying to the circuit. A Keysight
DS0OX3024T oscilloscope was used to measure the
sinusoidal waveforms and properties of the output signals.

The first results of V(;1 and V,, are illustrated in the voltage

waveforms in Figure 5. In this result, the resistor R,;, must

be adjusted to 3.9kQ for the same amplitude of output
signals. The frequency of oscillation is 224.5kHz, while the
calculated frequency from Equation (4) is approximately
225kHz. The absolute error of the theoretical and
experimental frequencies was approximately 0.22%. This
deviation in frequency arises from the tolerance errors of
the external passive elements and the parasitic resistances
and capacitances of LT1228. However, the effect of
tolerance errors can be directly eliminated and decreased
by slightly adjusting the transconductance gain gm: and

voltage gain by adjusting R;, and R;, or both.
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The phase relation of VO'1 and V(;2 is approximately

89.7°, which deviates from 90° by approximately 0.33%.
The relation of the phase of the sinusoidal signals by the XY
plot is displayed in Figure 6. The spread spectra of the

frequencies of Vc;1 and V(;z are shown in Figure 7 (a) and

(b), respectively. The total harmonic distortions (THD) of the
sinusoidal output signals V[;l and V,, are measured and
displayed in Figure 7 (a) and (b), respectively,
corresponding to approximately 1.04% and 1.24%. The
electronically controllable frequency can be demonstrated in

Figure 8, when the external current bias |, is varied from
100uA to 200uA. The results of the electronically

controllable frequency are clearly compared to the
experimental and theoretical calculations, which are slightly
different. The absolute errors of frequency of oscillation can
be plotted in Figure 9. The maximum and minimum

100

absolute errors of frequency are approximately 0.60% at
284.84kHz and 0.01% at 318.47kHz, respectively. Figure
10 shows the measurement of %THD versus the frequency
of oscillation, which is lower than 2%. The absolute errors of

the phase by 90° of V;, and V,, can be measured and

plotted in Figure 11. Their absolute errors were lower than
2%.
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Fig. 13. Proposed filt_er with the pole frequency, quality factor and
amplitude adjustment

Modification for filters

The sinusoidal oscillator can be modified for low-pass,
high-pass, and band-pass filters. It is slightly modified by
cascading the external passive resistor with the proposed
sinusoidal circuit shown in Figure 12. The complete voltage-

mode transfer function of V., V,,, and ly; can be
analyzed and written as
9m
(16) \ﬁ: CICZR]
v, ’
LRSI ~—241-0,,R, [s+ Omi
C,R, (R CC,R,
1
17) Vor _ C:Rq
V. R ’
nogy L[y OmoRy [S+ O
C,R, (R CC,R,
and
1
R
(18) \'%= — !
noogy —2+1-9,,R, 54— Im
C,Ro\ R CC,R

Equations (16)—(18) denote the low-pass, band-pass,
and high-pass transfer function, respectively. However, the
high-pass response cannot be directly used but can be
applied to a current mirror circuit to copy a current through
to other devices.

In addition, the parameters of the pole frequency ( fp)

and quality factor (Qp) can be analyzed and expressed as

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 97 NR 8/2021



(19) ym o [
27| RC.C,
and
RR,C ’
(20) Qp _ = Rl Q™2 gml ]
Q+ l_ngRlRQ R1C1C2

However, the quality factor can be adjusted by changing
the values of the resistor R, without distributing the pole

frequency.

In addition, the pole frequency and amplitude of the
output of the filter can be tuned by adding a voltage
amplifier with the same configuration as the proposed
sinusoidal oscillator, as shown in Figure 13.

The pole frequency, quality factor, and amplitude of the
outputs are modified to Equations (21), (22), (23), and (24),
respectively.

1) fo L | Om [Re )
*~27\RCC, (R,

RR,C R
1Roles g
(22) Q, = 2 T P SRS
RQ + Rl - gmle RQ R1(:1C2 RFz
. R
(23) Vo= 41V,
o1 R ol
F2
and
: R
(24) v =[i+1 Vo, -
02 R
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Fig. 14. Low-pass responses
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Fig. 15. Band-pass responses

The experiment of the proposed filter in Figure 13 is
operated by setting the external passive elements, as in the
case of the sinusoidal oscillator and Rq = 1 kQ. The voltage
and current biases are configured as +5V and lsgr;=lsgr2 =
1000 pA. The frequency responses of the proposed filter
were used in the Keysight oscilloscope model DSOX3024T
using the frequency response analyzer function. The
frequency response analyzer was set by sweeping the
frequency from 10kHz to 1MHz with a 2100-mVp-p
amplitude. The gain and phase responses in Figure 14 are
the experimental results of the output, Vo; which is a low-
pass response. The maximum gain and phase at the pole
frequency of the low-pass response are approximately
2.47dB and 92°, respectively. Furthermore, the results of
the band-pass response of Vg, are depicted in Figure 15,
including gain and phase responses that are 2.8dB and
1.02°, respectively. The pole frequency and quality factor of
the results are approximately 218.8kHz and 1, respectively.
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Fig. 16. Band-pass responses at (a) 51.3kHz (b) 218.7kHz, and
(c) IMHz
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Fig. 17. Band-pass responses with different R, (a) R, =1kQ,

(b) RQ =2kQ, and (c) RQ =4kQ

Figure 16 (a), (b), and (c) display the sinusoidal
waveforms of the band-pass responses for comparison of
the input and output signals, with frequencies of 50.3kHz,
218.7kHz, and 1MHz, respectively. However, the quality
factor can be demonstrated to be adjustable by changing

R, =1kQ, 2kQ and 4k, while the quality factors are

varied to 1, 2, and 4, respectively. These results can be
presented by band-pass responses to compare the
experimental and theoretical analyses in Figure 17. The
experimental results of the filter show that the gain and
phase responses agree with the theoretical analysis.

Conclusions

The implementation of a sinusoidal oscillator with low-
output-impedances is proposed. The electronically
adjustable frequency and condition can be adjusted using
the transconductance gm1i and gm2, respectively.
Furthermore, the external capacitors are only connected to
the ground, which is important for the development of
integrated circuits. Moreover, the frequency and amplitude
of the signals can be directly controlled by adding a voltage
amplifier. The proposed sinusoidal oscillator is a slight
modification of the filters. The responses of the filter are
provided as low-pass, high-pass, and band-pass. The pole
frequency can be electronically adjusted by the
transconductance. Moreover, the quality factor can be freely
adjusted by an external resistor without affecting the pole
frequency. The experimental results of the sinusoidal
oscillator and filter agree with those of the theoretical
analysis.

Acknowledgements

This research was supported and funded by faculty of
engineering, Rajamangala university of technology Isan,
KhonKaen campus, KhonKaen, Thailand.

Authors: Sanee PAWASARN, Working toward M.Eng. in Electrical
Engineering, Department of Electronics and Telecommunication
Engineering, Faculty of Engineering, Rajamangala University of
Technology Isan, Khonkaen Campus, Khonkaen, Thailand.
Asst.Prof.Dr.Angkana CHAROENMEE, Department of Electronics
and Telecommunication Engineering, Faculty of Engineering,
Rajamangala University of Technology Isan, Khonkaen Campus,
Khonkaen, Thailand.

Thitiporn JANDA, Department  of  Electronics and
Telecommunication Engineering, Faculty of Technical education,
Rajamangala University of Technology Isan, Khonkaen Campus,
Khonkaen, Thailand.

102

Suttipong FUNGDETCH, Department of Electronics and
Telecommunication Engineering, Faculty of Technical education,
Rajamangala University of Technology Isan, Khonkaen Campus,
Khonkaen, Thailand.

Khunpan PATIMAPRAKORN, Department of Electrical
Engineering, Faculty of Engineering, Rajamangala University of
Technology Isan, Khonkaen Campus, Khonkaen, Thailand.
Asst.Prof.Dr.Adirek JANTAKUN, Department of Electronics and
Telecommunication  Engineering,  Faculty —of  Engineering,
Rajamangala University of Technology Isan, Khonkaen Campus,
Khonkaen, Thailand; E-mail: Adirek.ja@rmuti.ac.th (Corresponding
Author)

REFERENCES

[1] Arora T S, Gupta S, A new voltage mode quadrature oscillator
using grounded capacitors: An application of CDBA,
Engineering Science and Technology, an International Journal
21 (2018), 43-49.

[2] Yesil A, Kacar F, Current and voltage mode quadrature
oscillator based on voltage differencing buffered amplifier,
Electrica, 18 (2018), No. 1, 6-12.

[3] Horng J. W., Current differencing buffered amplifiers based
single resistance controlled quadrature oscillator employing
grounded capacitors, IEICE Trans. Fundamentals (2002), E85-
A No. 6, 1416-1419.

[4] Jaikla W, Adhan S, Suwanjan P, Kumngern M, Current/voltage
controlled quadrature sinusoidal oscillators for phase sensitive
detection using commercially available IC, Sensors, 20 (2020),
1-16.

[5] Wang S F, Chen H P, Ku Y, Yang C M, A voltage-mode
universal filter using five single-ended OTAs with two grounded
capacitors and a quadrature oscillator using the voltage-mode
universal filter. Optik - International Journal for Light and
Electron Optics, 192 (2019), 1-11.

[6] Wang S F, Chen H P, Ku Y, Yang C M Yang, Independently
tunable voltage-mode OTA-C biquadratic filter with five inputs
and three outputs and its fully-uncoupled quadrature sinusoidal
oscillator application, International Journal of Electronics and
Communications, 110 (2019), 1-13.

[7] Yucel F, Yuce E, CCIl based more tunable voltage-mode all-
pass filters and their quadrature oscillator applications,
International Journal of Electronics and Communications 68
(2014), 1-9.

[8] Prasad D, Singh R, Ranjan A, Kumar H T, Grounded capacitors
single resistance controlled oscillator using single FTFENTA,
Indian Journal of Pure & Applied Physics, 58 (2020) 525-530.

[9] Abaci A, Yuce E, Modified DVCC based quadrature oscillator
and lossless grounded inductor simulator using grounded
capacitor(s), International Journal of Electronics and
Communications, 76 (2017), 86-96.

[10] Yuce E, Verma R, Pandey N, Minaei S, New CFOA-based
first-order all-pass filters and their applications, International
Journal of Electronics and Communications, 103 (2019), 57-63.

[11] Borah S S, Singh A, Ghosh M, Ranjan A, Electronically tunable
higher-order  quadrature  oscillator employing CDBA,
Microelectronics Journal, 108 (2021), 1-18.

[12] Chen H P, Hwang Y S, Ku Y T, Voltage-mode and current-
mode resistorless third-order quadrature oscillator, Appl. Sci.,
179 (2016), No.6, 1-18.

[13] Bhagat R, Bhaskar D R, Kumar P, Quadrature sinusoidal
oscillators using CDBAs: New realizations, Circuits, Systems,
nd Signal Processing, (2021), https://doi.org/10.1007/s00034-
020-01603-7.

[14] Rungsa S, Jantakun A, Single commercially available
IC:LT1228 base sinusoidal oscillator, Przeglad
Elektrotechniczny, 95 (2019), nr. 4, 218-222.

[15] Wang S F, Chen H P, Ku Y, Yang C M, Versatile voltage-mode
biquadratic filter and quadrature oscillator using four OTAs and
two grounded capacitors, Electronics, 9 (2020), 1-27.

[16] Banerjee K, Singh D, Paul S K, Single VDTA based
resistorless quadrature oscillator, Analog Integrated Circuits
and Signal Processing, 100 (2019), 495-500.

[17] Roongmuanpha N, Tangsrirat W, SITO current-mode
multifunction biquad using readily available IC LT1228, 6th
International Conference on Engineering, Applied Sciences and
Technology (ICEAST), Chiang Mai, Thailand, (2020), 1-4.

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 97 NR 8/2021



[18] Suwanjan P, Siripongdee S, Jaikla W, Three-Inputs single-
output voltage-mode universal filter with orthogonal control
using single commercially available IC, European Conference
on Electrical Engineering and Computer Science, Bern,
Switzerland, (2017), 454-457.

[19] Singh G, Garima, Universal biquad fractional order filter using
single LT1228 IC, IEEE International Conference for Innovation
in Technology (INOCON), Bengaluru, India, (2020), 1-6.

[20] Kumngern M, Suwanjun P, Dejhan K, Electronically tunable
voltage-mode universal filter with single-input five-output using
simple OTAs, International Journal of Electronics, 100 (2013),
No. 8, 1118-1133.

[21] Tangsrirat W, Channumsin O, Pukkalanun T, Resistorless
realization of electronically tunable voltage-mode SIFO-type
universal filter, Microelectronics Journal, 43 (2012), No. 8, 555—
561.

[22] Siripruchyanun M, Jaikla W, A transconductance-mode
multifunction filter with high input and output impedance nodes
using voltage differencing current conveyors, Advances in

Electrical and Electronic Engineering, 18 (2020), No. 4, 242-
254,

[23] Wang S F, Chen H P, Ku Y, Zhong M X, Voltage-mode
multifunction biquad filter and its application as fully-uncoupled
quadrature oscillator based on current-feedback operational
amplifiers, Sensors, 20 (2020), 2-25.

[24] Gupta G, Singh S V, Bhooshan S V, VDTA based
electronically tunable voltage-mode and trans-admittance
biquad filter, Circuits and Systems, 6 (2015) 93-102.

[25] Kumngern M, Knobnob B, Dejhan K, Electronically tunable
high-input impedance voltage-mode universal biquadratic filter
based on simple CMOS OTASs, International Journal of
Electronics and Communications, 64 (2010) 934-939.

[26] Unok T, Yuce E, Supplementary DDCC+ Based universal filter
with grounded passive elements, International Journal of
Electronics and Communications, (2021) doi:
https://doi.org/10.1016/j.aeue.2021.153652.

[27] LT1228 - 100MHz Current Feedback Amplifier with DC Gain
Control, Linear Technology, www.analog.com

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 97 NR 8/2021 103



