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Abstract

This paper presents a low-supply-voltage CMOS realization of a Differential
Difference Transconductance Amplifier (DDTA) operating at a supply voltage
of 0.2 V. The proposed DDTA achieves high operational capability while con-
suming ultra-low power of 356.66 nW, making it suitable for low-frequency
biomedical and sensor applications. The proposed configuration employs two
DDTAs and two grounded capacitors to implement a voltage-mode universal
filter and a quadrature oscillator. These circuits are applicable to signal gener-
ation, audio and image processing, instrumentation, biomedical systems, and
sensor interfaces. The universal filter exhibits high input impedance and al-
lows electronic tuning of the natural frequency in the range of a few hundred
hertz. The band-pass filter demonstrates a total harmonic distortion (THD) of
0.46% for a 100 mVpp input signal at a frequency of 83.97 Hz. With minor
modifications to the universal filter structure, a quadrature oscillator is obtained
in which both the condition of oscillation and the oscillation frequency are elec-
tronically controllable. The THD corresponding to an oscillation frequency of
68.23 Hz is approximately 1.16%. The proposed circuits are designed and sim-
ulated using 180 nm CMOS technology in PSPICE. Simulation results confirm
the effectiveness and performance of the proposed universal configuration.
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1. Introduction

In the present era, researchers and academicians are increasingly focused on
achieving extremely low-voltage operation and ultra-low power consumption,
which have become inevitable requirements for modern battery-operated portable
electronic equipment and self-powered systems. In advanced nanoscale comple-
mentary metal-oxide-semiconductor (CMOS) technologies, scaling down the
power supply voltage enhances the reliability and performance of digital circuits;
however, it leads to significant performance degradation in analog circuits and
active devices. This creates continuous challenges for analog circuit designers in
maintaining acceptable performance for practical applications and system-on-
chip (SoC) designs. The primary effects of supply voltage reduction on analog cir-
cuits, such as operational amplifiers (op-amps) and operational transconductance
amplifiers (OTAs), include reduced input voltage swing, lower transconductance,
and diminished voltage gain. Conventional techniques to enhance input voltage
swing employ rail-to-rail architectures using both PMOS and NMOS differential
pairs. Although effective, these approaches increase circuit complexity due to the
inclusion of additional differential pairs, current branches, and auxiliary circuitry
required to maintain constant transconductance over the entire input voltage
swing range. Over the last two decades, extensive research efforts have been re-
ported on the design of universal filters and quadrature oscillators using various
modern analog building blocks (BBs), such as Recent research has demonstrated
significant progress in the development of universal filters, oscillators, and low-
voltage analog circuits using various active building blocks. VDGA-based resis-
torless mixed-mode universal filters with dual-mode quadrature oscillation capa-
bility were reported in [1], while cascadeable single-input multiple-output inverse
filter configurations were introduced in [2]. First-order VM/TAM universal filters
employing a single-differential difference current conveyor were investigated
along with their applications in [3]. The practical feasibility of on-chip biquadratic
filters and oscillators was experimentally validated in [4]. Furthermore, first-order
universal active filters were developed by extending two-CFOA-GC all-pass filter
structures [5]. Research on low-voltage and energy-efficient filter architectures
includes 0.5-V nano-power voltage-mode first-order universal filters using mul-
tiple-input OTAs [6] and a highly linear 0.3-V rail-to-rail bulk-driven OTA im-
plemented in 0.13-pm CMOS technology [7]. A first-order universal filter based
on two ICCII+s and a grounded capacitor was proposed in [8], whereas electron-
ically controllable voltage-mode multifunction filters implemented using com-
mercially available ICs were presented in [9]. SITO voltage-mode multifunction
biquad filters with electronic and orthogonal tuning capabilities using LT1228 de-
vices were investigated in [10]. A synthesis approach employing two VD-DIBAs
was proposed to achieve independent tuning of the quality factor and natural fre-
quency [11]. VDBA-based mixed-mode universal filters with enhanced high-Q
controllability were reported in [12]. CMOS implementations of electronically

tunable filters based on VDCC and VDTA structures were subsequently presented

DOI: 10.4236/cs.2026.176006

116 Circuits and Systems


https://doi.org/10.4236/cs.2026.176006

G. Singh

in [13] and [14], respectively. Fully electronically tunable first-order all-pass filters
using VDVTA and OTA architectures were also demonstrated at a supply voltage
of £0.85 V [15]. In addition, current-mode first-order universal filters and their
corresponding voltage-mode transformation were investigated in [16]. Supple-
mentary CClI-based second-order universal filters and quadrature oscillators
were presented in [17], while voltage-mode multifunction biquad filters incorpo-
rating fully uncoupled quadrature oscillator configurations were reported in [18].
To support the implementation of low-voltage analog systems, a 0.3-V differential
difference amplifier was developed in [19], and sub-0.5-V operational transcon-

ductance amplifiers were realized in 0.18-pm CMOS technology in [20].
2. Description of DDTA and Its CMOS Realization Structure

DDTA

Vg1 00— Y1 I,
Vs o0— V2 o }—% v,

Vys o ¥Yaw ya

IO |

Vw Vya

Figure 1. Symbolic representation of DDTAs.

The symbolical representation of the DDTA is reported in Figure 1. The Differ-
ential Difference Transconductance Amplifier (DDTA) is a versatile analog build-
ing block widely used in filter applications. Its applications also extend to com-
munication, control, instrumentation, and biomedical systems. In such applica-
tions, biquadratic filters and oscillators are commonly employed, where low sup-
ply voltage operation and low power consumption are critical design require-
ments. The DDTA combines the advantageous features of a Differential Differ-
ence Amplifier (DDA), such as unity-gain voltage addition and subtraction, high
input impedance, and a reduced number of components, with the benefits of an
Operational Transconductance Amplifier (OTA), including electronic tunability
and simple circuit implementation. This combination makes the DDTA an effi-
cient and flexible solution for low-voltage, low-power analog signal-processing
applications. Ideal characteristics of DDTA is described by the following Equa-
tions (1) and (2):

Vv =V +Vy3 =V, (1

ly =0 (Vw _V‘M) 2)

The CMOS structure of the proposed DDTA is shown in Figure 2. The config-
uration consists of two main active building blocks: a differential-difference am-
plifier operating in a unity-feedback configuration, thereby forming a differential-

difference current conveyor (DDCC), and a transconductance amplifier. Both

DOI: 10.4236/cs.2026.176006

117 Circuits and Systems


https://doi.org/10.4236/cs.2026.176006

G. Singh

building blocks are based on non-tailed differential amplifier architectures, which
enable ultra-low-voltage operation while providing a rail-to-rail input voltage
swing. The DDCC building block comprises two stages: an input differential am-
plifier formed by transistors M; - Mg, followed by a class-A output stage imple-
mented using MOS transistors Mo - M. Frequency compensation is achieved us-
ing the compensation capacitor CCC_CCC, whose value can be determined using
the same design principles applied to a conventional two-stage operational ampli-
fier. The input stage of the DDCC circuit can be presented as a non-tailed differ-
ential pair with an additional partial positive feedback circuit.

R R e e |
i ylMlil.EI M;4 I A ! M3 ELley Mo i i Mja M4 M;p t_lil]:): ;
| PR o g
O My J—1—Em, gl & Ms:ll-ﬁﬁm L
i Vg Vs I—o—ow E i | A\ ; i
[ Vg N |
| Ms M \f i 3 M |
M. 4 Hype L S

Figure 2. CMOS realization of DDTA.

Transistors M; and M; introduce negative conductances of —g,; and —gps re-
spectively, which counteract the positive conductances of the diode-connected
transistors Ms s (approximately g,»). This interaction increases the effective re-
sistance at the gate-drain nodes, leading to an improvement in voltage gain be-
tween the input terminals and the gate nodes of M4 5. Consequently, the first stage
exhibits enhanced transconductance and voltage gain. In the proposed architec-
ture, the input transistors Misp are realized using bulk-driven multiple-input
MOST (MI-MOST) devices. This implementation reduces circuit complexity and
lowers overall power consumption by removing an additional differential stage
commonly found in conventional DDCC designs. The summation of input signals
is accomplished using a capacitive voltage-summing network, eliminating the
need for extra active circuitry. Large-valued MOS resistances are connected in
parallel with these capacitors to provide proper DC biasing for the bulk-driven
MI-MOST transistors. These resistive elements are implemented using anti-par-

allel MOS transistors operating in the cutoff region.

3. Proposed Applications of DDTA
3.1. Proposed Voltage-Mode MIMO Universal Filter

The proposed voltage-mode multiple-input multiple-output (MIMO) universal

filter configuration, implemented using the DDTA, is illustrated in Figure 3. The

circuit employs two DDTAs and two grounded capacitors. The input nodes Vi,
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Vinzs Vims» Vimss and Vs exhibit high input impedance, making the configuration
suitable for voltage-mode signal processing. Output nodes V,; and Vs provide
low output impedance, whereas output nodes V,; and V,, require additional buft-

ering when driving low-impedance loads in the proposed configuration.

DDTA,

Vit 00— 11

Voz
Vi 00— 13 0
&

C
— Y2 W V4

Voi
DDTA,

' —o0 Vg
V04 o 0 D)

—0 Viy

G _f M W y3

I
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Figure 3. Proposed resistorless MIMO universal filter employing DDTAs.

The theoretical analysis of MIMO universal filter configuration presented in
Figure 3. The equations for the output voltages can be presented by the following
Equations (3)-(6) respectively are as follows:

(Vinl +Vin2 ) (82C1C2 + Sczgml) + (Vin3 _Vin4 ) SClng +Vin5 (Sclng + gmlgmz )

v - (3)
1 SZC]_CZ + Sngml + gmlgmz
= (Vinl +Vin2 ) SCngl + (SCZ gml + gmlng )(Vin3 _Vi”4 ) SClgmz _Vinsgmlng (4)
02 S*C,C, +SC, 0 + Uy Oms
V.. = Imn (Ving *+Vinz ) + (Vins =Vins) SC:8mz —(SC,Gmz — Iz ) Vins (5)
03 SZC1C2 +5C,0,; + 9,102
vV, = (Vint +Vin2 ) 9o + SC1ms (Vina =Vins) = (SCy81mo + 9t G )Vins (6)
04 S?C,C, +SC, 01 + GOy

Natural frequency (wp) and the quality factor (Q) of the Voltage Mode Univer-
sal filter can be presented in Equation (7), (8) respectively are as follows:

gmlgmz
W, = /— 7)
’ ClCZ
IC.9
Q — 19m2 (8)
’ gmlcz

From (7) and (8), the natural frequency and the quality factor can be designed,
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as the quality factor can be given by the proper selection S with g, =0,,

2
whereas the natural frequency can be obtained electronically tunable by

gmlzgmz =gm'

3.2. Proposed Application as a Voltage-Mode MIMO Quadrature
Oscillator

The proposed voltage mode MIMO Quadrature Oscillator Configuration as an
application of DDTA. It employs two DDTAs and two grounded capacitors. The
proposed universal filter in Figure 3 is modified to work as a quadrature oscillator
as reported in Figure 4. It can be obtained by using a non-inverting Band Pass
filtering response and a feedback connection.

The transfer function of the Proposed Resistorless Quadrature Oscillator Em-
ploying DDTAs between V,; and V3 can be characterized by Equation (9) are as

follows:
Vol — SClng (9)
Vin3 SZClCZ + Sczgml + gmlgmz
DDTA,
Vinip 00— V1 Vo2
0
Ving 00— ¥3 | &
Pr ® Y4 s
T | & Vo3
Vol
DDTA,
. —0 Vi3
Yot 2 Y2 —0 Vi
C, = Ya W y3
g
Vins

Figure 4. Proposed resistorless quadrature oscillator employing DDTAs.

The transfer function of the Proposed Resistorless Quadrature Oscillator Em-
ploying DDT As unity between V., and Vs can be characterized in Equation (10)

as follows:
Yot _q (10)

The Characteristic Equation of the Proposed Resistorless Quadrature Oscillator

Employing DDTAs can be presented in Equation (11) are as:
S*C,C, +5(Co0n ~Cinz ) + Iz =0 (1)

Condition of Oscillation can be presented in Equation (12) are as:
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S(C,9pm —Cilp,) =0 (12)

0yu=9,=9, and C,=C,.
Frequency of Oscillation can given by the Equation (13)

— gmlng 13
@ ,/ ce, (13)

Frequency of Oscillation can be electronically controlled by the selection
0u=0mn=9, and C,=C,.

The nodes V5 and V4 presents quadrature output signals. It can be confirmed
from Equation (14) by the relationship between V3 and Vi,

Vo _ Iz

14
V,; SC, (1

Therefore the phase difference between V3 and Vo is 90°.

4. Non Ideal Effects

The non ideal characteristics of the DDTA are considered in the analysis of the
proposed universal filter configuration which is reported in Figure 3, with partic-
ular emphasis on the non ideal behavior of the transconductance. Parasitic im-
pedances are neglected, as the proposed circuit operates at low frequencies typi-
cally in biomedical signal processing. Under non-ideal conditions, the voltage V,,,
output current |, andnon ideal transconductance {, (S) can be expressed by

the Equations (15)-(17) respectively.

Viw = BV = BV yo + BiaVys (15)
lo = 9o (Vw _VY4) (16)
gmni (S) = gmi (1_ﬂis) (17)

1
where 1, =—, @, denotes the first order pole.
@y
The output voltages of the proposed VM Universal Filter configuration can be
described by Equations (18)-(21) respectively.

(Vinlﬂ].l + :813Vin2 )(S 2C1C2 + Sngmlﬁm) + (,Bzzvin3 - ﬂZSVinA ) SCi9m251 +Vin5 (Sclg m2Pr2 + BroBor19m 9 mz)

V, = 5 (18)
S°C,C, +SC,0,1 8 + 9 Om2Bia P
V. = (Vinlﬁll + BiVing ) SCyGmm + (ﬂzzvins = PoVina ) (SC2 Yot + G Inn2 A1 ) ~Vins G Iinnz (19)
” SZC1C2 +3C,9mBn + Y Ym2 P2 P
— SZCZCZ (Vin4ﬂ23 _Vin3ﬂ22 ) + (Vinlﬁll +Vin2ﬁ13 ) SCZ gmnlﬂZl +Vin59mnlgmn2ﬂ12ﬁ21 (20)
o SZC1C2 + SCZ gmnlﬂZl + gmnlgmnzﬂlzﬂn
V. = (Vinlﬁll + BiVina )ﬂ21gmnlgmn2 +5C, 02 (ﬂZSViM = PoVin3 ) - (Sclgmnz + B219mm Y2 )VinS 21)
04 —

SzClcz + Sngmmﬁzl + gmnlgmnzﬂlzﬁﬂ

Natural frequency ( @, ) and the quality factor (Q,) of the Voltage Mode Uni-
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versal filter can be presented the Equations (22)-(23) respectively.

a)o — ,gmnlgénnéﬂuﬂm (22)
1~2
/Cg B
Q — 19mn2 (23)
° ngmnlﬁZl

where S presents the voltage gain from V), to V,, of i-th DDTA, f, presents the
voltage gain from V), to V,, of ith DDTA, and f; also denotes the voltage gain
from V), to V,, of ith DDTA. Ideally, the voltage gains i, B», and s are unity.
The g is the non-ideal transconductance gain of the DDTA, whose frequency
dependence is given by parasitic capacitance C, and resistance R, at o-terminal.
In the frequency range near the cutoff frequency, gu.; can be determined.
Modified Characteristics equation of the Quadrature Oscillator (24) can be de-

scribed as
SZC1C2 + (SCZQanlﬁM - Sclg mnzﬂlzﬂzz ) + ggmnlgmnzﬁlzﬂﬂ = O (24)

Modified Characteristics equation of CO and FO for the Quadrature Oscillator
(25) and (26) can be described as

SC,9gmBar = SCi9mn2PraBan =0 (25)
Therefore C,f3,/,, =C,

o = gmnlgmnzﬂlzﬂZI (26)
’ C102

Since this work is mainly focused on circuits that operates at low frequency,
Equation (26) is not taken in consideration. In the case that the universal filter
and the quadrature oscillator operate in the frequency range in which the fre-
quency dependence of g, yields its influence, then (26) should be used to refine

the error analysis.

5. Simulation Results

The proposed circuit was designed and simulated in PSPICE using 180 nm TSMC
CMOS technology. A low supply voltage of 0.2 V was employed, while the bias
current range of the DDTA was set in the range of 36.87 nA to 40 nA. The nominal
setting current of the transconductance amplifier was chosen between 5 nA and
10 nA. Under the reported bias current range, the DDTA exhibits a power con-
sumption ranging from 236 nW to 356.66 nW. The complete configuration was
also implemented and verified using PSPICE with the same 180 nm CMOS tech-
nology. The aspect ratios of the MOS transistors used in the design are listed in
Table 1. The circuit operates with a symmetrical supply voltage of 0.20 V, where
Vop=+0.10 V and Vis=-0.10 V. The bias current of the DDCC varies from 46.77
nA to 49.88 nA, and the nominal setting current of the transconductance amplifier
is fixed at Iset = 500 nA. The nominal power consumption of the DDTA is 356.66
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nW, 69.78 nW consumed by the DDCC and 286.54 nW by the transconductance
amplifier. When the setting current Iset is reduced to the bias current range from
5 nA to 10 nA, the simulated power consumption drops to 18.14 nW. This ultra-
low power operation demonstrates the efficiency of the proposed design, making

it highly suitable for battery-powered and energy-sensitive applications.

Table 1. MOS transistors aspect ratios of DDTA.

S. No MOS Transistors W (um)/L (um)
1. Mia, Mis, Maa, Ma2s 20/3
2. M7 - Mg 15/3
3. Ms - Ms, M 10/3
4. Moy 60/3
5. Mio 120/3
6. Mr 5/3

The simulated magnitude characteristics of the DDCC are presented in Figure
5. The simulated low-frequency gain for Vi/ Vi = Vil Vi and Vi/ Vi, is 13.93
mdB and 58.21 mdB, while the —3 dB bandwidth is 21.67 kHz and 22.43 kHz,
respectively. The DDCC enjoys rail to rail operation for all its inverting and non
inverting input signals. This rail-to-rail operation capability is a design achieve-

ment for proposed configuration.

10
Simulated Values:
0 BN
¢ Low-frequency gain:
a -10 : e — Viw/Vy; = Vw/Vys
T L =13.93 mdB
2 Vw/VY1, Vw/VY3 VilVy,
2 SR L i =
"é 30 Vw/VY2 =58.21 mdB
qA i R + -3 dB Bandwidth:
E 50 | i i s for VW/VYI = Vw/Vy3
=21.67 kHz
-60 for Vyy IV
1 100 10,000 1,000,000 vy
=22.43 kHz
Frequency (Hz)

Figure 5. The simulated magnitude characteristics of the DDCC.

The simulated open-loop gain of the DDCC is presented in Figure 6 (i.e., with-
out the unity gain feedback) which is simulated as 73.9 dB, and the phase margin
is varied 55.76° - 56.19° for 10 pF to 20 pF load capacitor.
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30 0

e

~ . Simulated Values:
= Gain

15 \ — — — Phase 30 e Simulated open-loop gain
e ‘\ of the DDCC (without
7~
% \ e unity gain feedback):
= 0 60 & =73.9dB
o «<
< =
e =%
” - e Phase margin is varied
) < 55.76° - 56.19°
for load capacitor
-30 -120 10 pF to 20 pF.
1 100 10,000 1,000,000

Frequency (Hz)

Figure 6. Simulated gain and phase response of the TA.

The multiple-input multiple-output (MIMO) universal filter configuration
shown in the figure was simulated using off-chip capacitors with values G = G, =
5 nF. The magnitude responses corresponding to the low-pass (LPF), high-pass
(HPF), band-pass (BPF), band-stop (BSF), and all-pass (APF) filters are illustrated
in the figure. The simulated natural frequency (£) varies within the range of 81.59
Hz to 84.37 Hz. It is observed that the attenuation of the HPF and BPF responses
deteriorates at very low frequencies. This behavior is primarily attributed to the finite
output resistance of the transconductance amplifier, which is approximately 5.12
MAQ. For applications requiring improved attenuation characteristics, the output re-

sistance can be enhanced by employing the MOS transistor self-cascode technique.

Simulated Values:
e Capacitor values:
10 C,=C,=5nF
e Simulated natural frequency (fy):
0 81.59 Hz to 84.37 Hz
e e Output resistance of transconductance
g2 -10 amplifier:
Z = 5.12 MQ
-g 220 e Input signal:
= Sinusoidal, 100 mVpp
ED 30 e THD of BPF output:
é‘ = 0.5%
e Electronic tunability (by L.):
-40 L (nA) Simulated f; (Hz)
0.125 19.78
-50 0.25 2211
10 100 1000 10000 05 42,66
Frequency (Hz) 075 81.59
10 123.76

Figure 7. Simulated magnitude of various filtering for MIMO universal filter configura-
tion.

The simulated filtering responses of the proposed voltage-mode DDTA-based
universal filter are obtained by appropriately selecting the input signals, as sum-
marized in Table 2. The performance of the multiple-input multiple-output
(MIMO) universal filter is evaluated by applying a sinusoidal input signal with an
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amplitude of 100 mVpp. The corresponding simulated natural frequency varies in
the range of 81.59 Hz to 84.37 Hz. Under these conditions, the band-pass filter
(BPF) output exhibits a total harmonic distortion (THD) of approximately 0.5%.
Figure 7 illustrates the simulated filtering responses and electronic tunability of
the low-pass (LPF), band-pass (BPF), high-pass (HPF), band-stop (BSF), and all-
pass (APF) characteristics for different bias current settings. The tuning is achieved
by varying the transconductance setting current Iset to 0.125 pA, 0.25 pA, 0.5 pA,
and 0.75 pA, 1.0 pA. As a result, the simulated natural frequency (£) shifts to 19.78
Hz, 22.11 Hz, 42.66 Hz, 81.59 Hz, and 123.76 Hz, respectively, demonstrating effec-

tive electronic frequency tunability of the proposed filter configuration.

Table 2. Simulated various filtering responses of the proposed voltage mode DDTAs based
universal filter.

S. No Proper Selection of inputs Outputs Simulated Filtering Responses
L 1) Vimu= Vs, for Inverting . Vo LPF
2) Vim= Vs, for Non Inverting Vol
5 1) Vin= Viw, for.Non Inverting Vol LIPF
2) Vi for Inverting Vos
1) Vins for Non Inverting Vol
3. . BPF
2) Vim = Vis for Inverting Vo
4. Viu= Vs for Non Inverting Vos BSF/BRF
5. —Vim= Viu= Vis for Non Inverting Vos APF

The simulation results presenting the start of the oscillation and the steady state
of the quadrature oscillator have been reported in Figure 8: (a) and (b). The os-
cillation frequency is 69.86 Hz, and the THD for outputs V3 and V;are 1.18% and
1.31%, respectively.

— V3 V4
100
75 |
S 50 ] f f
8 . LA RAARN A Simulated Values:
£ il ' (At
= o ("W f ! i R A | o
= AT ‘ e Oscillation frequency:
2 25 ! ; i |
g . \ 69.86 Hz
75 e THD for outputs:
0.0 0.2 0.4 0.6 0.8 1.0
Time (s) e V3: 1.18%
(a) e V4: 1.31 %
e Figure 8:
100 2!
—~ 75 (a) Start of the oscillation
E 50 and steady state
'§ 25 (b) Steady state (zoomed view)
= o showing quadrature outputs
E’ -25 V3 and V4
< -s0

0.40 0.41 0.42 0.43 0.44 0.45
Time (s)

(b)

Figure 8. (a) Simulated starting the oscillation and (b) the steady state condition.
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Table 3 presents the comparative study with the proposed filter with others in
the literature [1] [2] [4] [10]. It is evident that the proposed filter and Quadrature
oscillator yield the highest number of filtering functions with lowest power supply
0.20 V and lowest power consumption, thanks to the innovative CMOS structure
of the DDTA.

Table 3. Presents the comparative study with the proposed filter with others in the literature.

S. No Features

Proposed [1] 2] [4] [10]

No of Active &
Passive Components

2. Realization Technology
3. Types of Filter
Offering Universal
Oscillator

5. Power Supply Voltage (V)

6. Electronically Tunability

2DDTAs,2C  2VGDA,2C 1CFOA,2R,1C 3CFOA,5R,2C 3ICLTI128,4R, 2C

CMOS 180 nm CMOS0.18 um OrCADE PSPICE CMOS 0.18 um PSPICE
VM MIMO Mixed Mode Inverting Inverting Multifunction
Dual Mode
Quadrature SIMO Quadrature Quadrature No
Quadrature
0.20V 5V 15V +09V 5V

gain-independent
Presents Presents No Presents

controllability

6. Conclusions

This work introduces a novel Differential Difference Transconductance Amplifier
(DDTA) architecture capable of operating at an ultra-low supply voltage of 0.20
V while providing a rail-to-rail input voltage swing. The applicability of the pro-
posed DDTA is demonstrated through the realization of a universal filter and a
quadrature oscillator using only two DDTAs and two grounded capacitors. The
performance and practical feasibility of the proposed circuits are validated
through both PSPICE simulation results and experimental analysis.

The key features of the proposed configuration are summarized as follows:

1) The circuit requires a reduced number of passive components and does not
impose component-matching constraints.

2) Independent and fully uncoupled control of the condition of oscillation (CO)
and frequency of oscillation (FO) is achieved.

3) The proposed DDTA structure operates reliably at an extremely low supply
voltage of 0.20 V while maintaining rail-to-rail input operation.

4) As practical applications, a universal filter and a quadrature oscillator em-
ploying two DDTAs and two grounded capacitors are realized.

5) Theoretical analysis and simulation results consistently confirm the correct
functionality and robustness of the proposed circuits.

6) The configuration supports electronic tuning of the pole frequency, with
simulation results demonstrating stable operation over a wide range of operating
conditions.

7) Owing to its ultra-low voltage operation and low power consumption, the
proposed design is highly suitable for integration into compact, power-con-
strained systems such as biomedical instrumentation and low-frequency, low-

voltage sensor applications.
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