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Abstract—This paper presents the design and 

implementation of a novel active building block termed the 

Differential Difference Transconductance Amplifier 

(DDTA). The proposed DDTA integrates the characteristics 

of the Differential Difference Amplifier (DDA) and the 

Transconductance Amplifier (TA) to enhance flexibility in 

analog signal processing. It comprises three TA stages—two 

forming a DDA structure and one functioning as a TA—

allowing independent electronic tuning of transconductance 

gain (gm). The DDTA features a simple architecture, wide 

input capability, extremely high input impedance, and high 

output resistance at both intermediate and output current 

terminals, enabling accurate current-mode signal processing 

with minimal loading effects. To demonstrate its versatility, 

a voltage-mode universal biquadratic filter and dual-mode 

quadrature oscillator, both based on a single DDTA and 

utilizing only two capacitors, have been designed and 

simulated. PSPICE simulation results confirm wide linear 

voltage-to-current conversion, wideband transconductance 

performance, and robust impedance characteristics, all in 

excellent agreement with theoretical predictions. These 

features validate the effectiveness and practicability of the 

proposed approach for modern analog circuit designs. 

Index Terms—Differential Difference Transconductance 

Amplifier (DDTA), transconductance amplifier, analog 

Integrated Circuit (IC), electronic tunability, multifunction 

filter 

I. INTRODUCTION 

The continuous scaling of CMOS technologies and the 
rapid expansion of wireless communication, Internet of 
Things (IoT), and low-power biomedical systems have 
renewed interest in compact, electronically tunable 
analog building blocks capable of operating under low 
supply voltages while ensuring wide bandwidth and high 
signal integrity. In recent literature [1–5], this demand 
has been further emphasized by the need for Voltage-
Mode (VM) and Current-Mode (CM) signal processing 
blocks that simultaneously provide high-input impedance, 
accurate current transfer, and reduced component count, 
particularly for filters and oscillators implemented in 
deep-submicron CMOS technologies. 

A wide variety of Active Building Blocks (ABBs) 
have been developed and refined over the past decades, 

including Current Conveyors (CCs) [6], Operational 
Transconductance Amplifiers (OTAs) [7], Differential 
Difference Amplifiers (DDAs) [8], Differential 
Difference Current Conveyors (DDCCs) [9, 10], Current 
Feedback Operational Amplifiers (CFOAs) [11, 12], 
Voltage Differencing Transconductance Amplifiers 
(VDTAs) [13, 14], and Voltage Differencing Gain 
Amplifiers (VDGAs) [15–17]. Recent focused on ABB as 
referenced in [1–5, 18, 19] have concentrated on low-
voltage operation, enhanced electronic tunability, multi-
input capability, and mixed-mode functionality, which 
confirms that ABB research remains an active and 
evolving field rather than a mature or saturated topic.  

Among these ABBS, the Differential Difference 
Transconductance Amplifier (DDTA) has garnered 
increasing attention because it inherently combines multi-
input voltage differencing with transconductance-based 
current outputs. This feature is particularly attractive for 
modern analog signal-processing systems [20]. Recent 
DDTA-based designs have demonstrated low-power 
mixed-mode filters, shadow filters, and oscillators with 
wide electronic tunability and reduced passive component 
count [1, 2, 5, 19]. Furthermore, fully differential DDTA 
architecture employing inverter-based CMOS realizations 
has been reported to improve low-voltage operation and 
power efficiency [3]. These findings demonstrate that 
DDTA-based circuits continue to be significant in recent 
research.   

Despite this progress, a critical review of recent works 
reveals several persistent limitations. Many reported 
DDTAs provide only limited flexibility in controlling 
transconductance control, depend on a single bias 
parameter, or exhibit reduced output resistance at 
intermediate nodes when adapted to multi-input or 
mixed-mode configurations [1–3, 5]. To overcome these 
issues, alternative ABBs, such as Differential Difference 
Gain Amplifier (DDGA) and advanced VDTA-based 
structures, have been proposed to improve electronic 
control and multifunction capability [21, 22]. However, 
these solutions often lead to increased circuit complexity 
or introduce internal node loading, which can degrade 
CM accuracy in cascade applications.  

This paper introduces a new CMOS implementation of 

a DDTA, motivated by these observations and the 
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continued relevance of DDTA-focused research. The 

proposed design employs three independent controllable 

transconductance stages, which enables flexible voltage 

differencing and current conversion while achieving very 

high input and high output impedances at both 

intermediate and output terminals. These characteristics 

effectively address the limitations found in current DDTA 

designs and correspond with the dominant design trends 

observed in recent ABB literature. To demonstrate the 

effectiveness of the proposed DDTA, two representative 

applications are suggested: (i) a single-DDTA VM 

universal biquadratic filter and (ii) a single-DDTA dual-

mode quadrature oscillator, both realized using only two 

capacitors. Simulation results indicate that the proposed 

DDTA achieves performance that is competitive with, 

and in several aspects superior to, recent ABB-based 

implementations previously reported, particularly 

regarding impedance characteristics, electronic tunability, 

and component efficiency. 

II. DDTA CONCEPTION AND DESCRIPTION 

The circuit diagram of the introduced DDTA is 

illustrated in Fig. 1. It features four high-impedance 

voltage input terminals (p1, n1, p2, and n2) and four high-

impedance current output terminals (z+, z−, x+, and x−). 

The differential voltages (vp1−vn1) and (vp2−vn2) are 

converted into output currents at the z+ and z− terminals 

through the transconductance gains (gmF and gmS) of the 

first and second stages, respectively. The voltage across 

the z+ terminal is then transmitted to the third 

transconductor stage, where it is converted into output 

currents at the x+ and x- terminals (ix+ and ix-) via the 

third-stage transconductance gain (gmT). Based on the 

operation of the DDTA, its characteristic equation can be 

expressed as follows: 

( ) ( )mF 1 1 mS 2 2

mT

z z p n p n

x x z

i i g v v g v v

i i g v
+ −

+ − +

= − = − − −

= − =
    (1) 

Eq. (1) reveals that both stages of differential input 

voltages are transformed into output currents through 

electronically controllable transconductance gains. This 

feature provides remarkable flexibility, making the 

DDTA particularly suitable for implementation in various 

analog circuits. Such adaptability enables analog 

designers to optimize performance for specific 

applications and solutions, including active amplifiers, 

tunable filters, and oscillators. As a result, the DDTA 

enhances functionality while minimizing the need for 

additional components, thereby streamlining circuit 

design and improving overall efficiency. The behavior 

model of the proposed DDTA is represented using 

simplified circuit blocks in Fig. 2, as indicated by Eq. (1). 
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Fig. 1. Circuit diagram of the proposed DDTA. 
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Fig. 2. Simplified block diagram of the DDTA. 

Fig. 3 presents the CMOS-level circuit realization of 

the proposed DDTA based on the model presented in  

Fig. 2. The designed circuit consists of three 

transconductance gain cells, constructed using floating 

current sources Mk1–Mk13 where k denotes F (first), S 

(second), and T (third) [23]. Transistors Mk3–Mk4 and 

Mk7–Mk8 serve as cascode devices and are for the signal 

path (input differential transistors, Mk1–Mk2). This 

configuration establishes Mk3–Mk4 in a folded-cascode or 

gain-boosting gm cell. Cascoding maintain the drain of 

Mk1–Mk2 at a constant, higher voltage, which increases 

their intrinsic gain. By shielding the drain of Mk1–Mk2 

from large voltage swings, Mk3–Mk4 keep VDS of Mk1–Mk2 

nearly constant, reduce channel-length modulation () 

effects, and ensure more accurate voltage-to-current 

conversion. This enhancement leads to an improved 

Common-Mode Rejection Ratio (CMRR) and greater 

linearity in the transconductance amplifier. 
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Fig. 3. CMOS transistor-level realization of the proposed DDTA. 
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Mk7–Mk8 act as cascode devices for the bias tail current 

sources (Mk5–Mk6). They isolate the current-source 

transistors Mk5–Mk6 from the large voltage variations 

occurring at the drains of Mk1–Mk2. This configuration 

stabilizes the bias current and improves gm consistency. 

Also, Mk7–Mk8 prevents signal variations in the 

differential pair from coupling back into the current 

source bias circuitry, which ultimately reduces distortion 

and noise. 

Considering the symmetric transistors (Mk1  Mk2, Mk3 

 Mk4, Mk5  Mk6, and Mk7  Mk8) and the finite channel 

output resistance rok1 of the input transistor Mk1, the 

small-signal current generated by the differential pair is 

partially lost through rok1 due to variations in the drain-

node voltage. Let Rnode denote the equivalent resistance 

seen at the drain of Mk1 when looking into the cascode 

and mirror/load network. The effective small-signal 

transconductance gain gmk realized by each tunable gain 

cell (Mk1–Mk13) is then obtained as:   

 
mk 0

node 1

1

1
m

o

g g
R r

 
=  

+ 

, (2) 

where gm0 is the intrinsic transconductance of the tunable 

gain cell and may be approximated as: 

 mk5 mk6mk1 mk2
0

mk1 mk2 mk5 mk6

m

g gg g
g

g g g g

  
 +   

+ +   

. (3) 

In Eq. (3), the equation for gmki is expressed as gmki = 

(CoxWiIBk/Li)1/2, for i = 1, 2, and 3. Here, IBk represents 

the external DC bias current,  denotes the free carrier 

mobility in the channel, and Cox is the gate-oxide 

capacitance per unit area, while Wi and Li refer to the 

channel width and length of the transistor Mki, 

respectively. According to Eq. (2) and Eq. (3), the 

tunability of gmk is typically achieved by adjusting the 

associated bias current IBk. 

The resistance Rnode is primarily influenced by the 

cascode transistor Mk3 and can be determined as: 

 ( ) ( )node ok1 mk3 3 ok3 ok1 mk3 ok31 1oR r g r r r g r + +  + , (4) 

with gmk3 and rok3 being the transconductance and output 

resistance of the cascode device Mk3. 

Since both transistors Mk7 and Mk8 are the tail cascode 

for the current source and each output node (z+, z-, x+, 

and x-) is the drain of a stack that includes an output 

transistor and a cascode transistor above or below, the 

output resistance observed at the terminal z+ (Rz+) is 

derived as:  

( ) ( )mF4 oF4 oF2 mF8 oF8 mS3 oS3 oS1 mS7 oS71 / / 1zR g r r g r g r r g r+
    + +   

,  (5) 

The note above indicates that the factors gmF4roF4 (or 

gmS3roS3) arise from the cascode gain-boost of MF4 (MS3), 

while roF2 (or roS1) is the intrinsic output resistance of the 

output transistor (ro). Additionally, the terms (1+gmF8roF8) 

and (1+gmS7roS7) reflect the finite output resistances 

attributed to the tail current-source cascodes MF8 and MS7, 

respectively. 

Similarly, the output resistances for the terminals z-, x+, 

and x- can be found as, respectively,  

( ) ( )mF3 oF3 oF1 mF7 oF7 mS4 oS4 oS2 mS8 oS81 / / 1zR g r r g r g r r g r−
    + +   

 (6) 

 ( )mT4 oT4 oT2 mT8 oT81xR g r r g r+  + , (7) 

 ( )mT3 oT3 oT1 mT7 oT71xR g r r g r−  + . (8) 

III. FUNCTIONAL VERIFICATION AND SIMULATION 

RESULTS 

The performance of the proposed DDTA in Fig. 3 was 

verified through PSPICE simulation using the 0.25-m 

TSMC CMOS process parameter. The supply voltages 

were set to 1 V. The aspect ratio of all MOS transistors 

employed in the DDTA circuit are summarized in Table I. 

Based on the designed simulation parameters, the total 

power dissipation for the proposed DDTA is measured at 

3.07 mW. 

    

Transistors W/L (m/m) 

M1k, M2k 16/0.25 
M3k, M4k, M7k, M8k 55/0.25 

M5k, M6k 40/0.25 

M9k–M11k 2/0.25 
M12k, M13k 3/0.25 

To demonstrate electronic tunability, the bias currents 

of three transconductance stages, namely IBF, IBS, and IBT, 

were independently adjusted. For the sake of simplicity in 

verification, all three transconductance gains were set to 

be equal, i.e., gm = gmF = gmS = gmT with IB = IBF = IBS = 

IBT. The selected transconductance values were 0.691, 

0.865, 1.000, and 1.150 mA/V, which corresponded to 

bias currents of 40, 70, 100, and 140 µA, respectively. 

The calculated and simulated transconductance gains 

under different bias currents are compared in Table II. 

TABLE II: THEORY AND SIMULATED VALUES OF THE 

TRANSCONDUCTANCE GAIN AT DIFFERENT BIAS CURRENT VALUES 

IB (A) 
gm (mA/V) 

Theory Simulated 

40 0.691 0.700 

70 0.865 0.877 
100 1.000 0.997 

140 1.150 1.113 

The DC voltage-to-current transfer characteristics were 

evaluated by sweeping the differential input voltage 

(vp1−vn1) while keeping (vp2−vn2) constant at 30 mV 

(peak). The resulting output currents at terminals z+ and 

z- are shown in Fig. 4, which demonstrates a highly linear 

voltage-to-current conversion over an input range of 

approximately 150 mV. Within this range, the deviation 

from ideal linear behavior remains below 1.5%, 

indicating excellent DC linearity of the proposed DDTA. 

Moreover, the output currents are equal in magnitude and 

opposite in phase, which confirms accurate differential-

to-current conversion in accordance with the theoretical 

DDTA operation. 
A similar procedure was conducted by sweeping 

(vp2−vn2) while maintaining (vp1−vn1) at a fixed value of 
30 mV (peak). The corresponding responses shown in  
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TABLE I: TRANSISTOR ASPECT RATIOS (W/L) FOR THE DDTA IN FIG.3



Fig. 5 again demonstrate a wide linear input range of 

150 mV, with a maximum nonlinearity error of less than 
2%, further validating the symmetry and independence of 
the two differential input stages. The small nonlinearity 
implies low harmonic distortion during large-signal 
operation. Hence, the DDTA is expected to exhibit low 
Total Harmonic Distortion (THD) in practical signal-
processing applications, particularly within the verified 
linear operating range. Furthermore, the slopes of the DC 
transfer characteristics are in strong agreement with the 
programmed gm values listed in Table II. This confirms 
that the output current scaling in Fig. 4 and Fig. 5 is 
effectively determined by the electronically tunable gm. 
Since gm is controlled by external bias currents, 
temperature-induced variations can be partially 
compensated through bias-current adjustment or bias 
stabilization circuits, which are common in CMOS 
analog designs. 

Next, the AC behavior of the transconductance was 
analyzed under various bias conditions. Fig. 6 shows the 
simulated frequency responses for the selected 
transconductance values. The extracted transconductance 
values were approximately 0.700, 0.877, 0.997, and 1.113 
mA/V, respectively, and remained almost constant over 
the frequency range from 1 kHz to 30 MHz. A gradual 
roll-off was observed beyond 30 MHz, while stable 
operation was preserved up to around 100 MHz, 
demonstrating the wideband capability of the proposed 
DDTA. 
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Fig. 4. DC transfer characteristic of the proposed DDTA, displaying the 

output currents iz+ and iz- in relation to (vp1−vn1). 

 gmS = 1.150 mA/V (IBS = 140 A)

 gmS = 1.000 mA/V (IBS = 100 A)

 gmS = 0.865 mA/V (IBS = 70 A)

 gmS = 0.691 mA/V (IBS = 40 A)

iz-

iz+

-300

(vp2 - vn2) (mV)

-150 0 150 300

C
u
rr

e
n
t 

(
A

)

150

0

-100

-150

-50

50

100

 
Fig. 5. DC transfer characteristic of the proposed DDTA, displaying the 

output currents iz+ and iz- in relation to (vp2−vn2). 
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Fig. 6. AC frequency characteristic of the transconductance gm. 

Frequency (Hz)

1k 10k 100k 1M 100M10M

Rp1, Rp2

Rn1, Rn2

R
e
si

st
a
n

c
e
 (

G
W

)

1.2

1.0

0.6

0.2

0.0

0.8

0.4

Frequency

(Hz)

Rp1, Rp2 
(MW)

1 k

10 k

100 k

1 M

10 M

100 M

1,131.291

113.129

11.314

1.131

0.113

0.011

Rn1, Rn2 
(MW)

823.745

82.375

8.238

0.823

0.082

0.008

 
Fig. 7. Frequency behavior of the DDTA input resistances (Rp1, Rp2, Rn1, 

and Rn2).  

In addition to evaluating the transconductance 

performance, the frequency-dependent behaviors of the 

input and output impedances were also investigated and 

are shown in Fig. 7 to Fig. 9. As depicted in Fig. 7, the 

input resistances at terminals p1, p2, n1, and n2 (Rp1, Rp2, 

Rn1, and Rn2) remain exceptionally high at low and mid 

frequencies, with values exceeding 1 GW at 1 kHz and 

remaining above 1 MW up to 1 MHz. This finding 

confirms the excellent voltage-mode input characteristics 

of the proposed DDTA and ensures negligible loading 

effects when interfacing with subsequent stages. A 

gradual reduction in input resistance is observed beyond 

10 MHz due to the influence of parasitic capacitances; 

however, the resistance still remains in the tens-of-kilo-

ohms range even at 100 MHz, which is sufficient for 

most high-frequency analog applications. 

The frequency characteristics of the output resistances 

at the z+ and z- terminals (Rz+ and Rz-) are depicted in  

Fig. 8. At low frequencies, both terminals exhibit high 

output resistances of approximately 482 kW, which 

remain well above 300 kW up to 1 MHz. This supports 

the effectiveness of the cascode-assisted current-source 
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configuration predicted by the analytical expressions in 

Eq. (5) and Eq. (6). At higher frequencies, the output 

resistance gradually decreases; nevertheless, sufficiently 

large resistance values are still preserved for reliable 

current-mode signal processing.
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Fig. 8. Frequency behavior of the DDTA output resistances (Rz+ and Rz-). 

Similarly, Fig. 9 shows the frequency behavior of the 
output resistance at the x+ and x- terminals (Rx+ and Rx-). 

The resistance Rx+ measures approximately 867 kW at 1 

kHz and remains higher than 800 kW up to 1 MHz, while 
the resistance Rx- exhibits an even higher value exceeding 

1 MW over the same frequency range. These results 
verify the strong current-source behavior of the third 
transconductance stage. The decrease in output resistance 
observed at frequencies above 10 MHz is again attributed 
to high-frequency parasitic effects. Nonetheless, the 
overall impedance performance indicates that the 
proposed DDTA maintains high input and output 
impedances over a wide frequency range, which is 
essential for achieving accurate signal processing, high 
isolation between stages, and minimal interaction with 
external loads in practical analog circuit implementations. 
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Fig. 9. Frequency behavior of the DDTA output resistances (Rx+ and Rx-).  

IV. DDTA CIRCUIT APPLICATIONS 

This section demonstrates the applicability of the 

proposed DDTA through two example circuits: (i) a 

voltage-mode Triple-Input Single-Output (TISO) 

universal biquadratic filter and (ii) a dual-mode 

quadrature oscillator. Both configurations employ only a 

single DDTA together with only two capacitors, making 

them well suited for a compact design with a minimum 

component count. 

A. Single DDTA-Based TISO Universal Biquadratic 

Filter 

Fig. 10 illustrates the TISO universal biquadratic filter, 

which is implemented using one DDTA and two 

capacitors without needing any passive resistors. This 

topology is attractive for IC implementation due to its 

structural simplicity, reduced silicon area, and electronic 

tunability. Straightforward circuit analysis leads to the 

following voltage transfer function: 

2 mS mT mF mT
1 2 3

2 1 1 2

out ( )
( )

i i i

g g g g
s s V sV V

C C C C
V s

D s

      
+ − +      
      = , (9) 

where  

2 mS mF mT

2 1 2

( )
g g g

D s s s
C C C

   
= + +   

   

.                (10) 

From the above expressions, the natural angular 

frequency (o) and quality factor (Q) can be determined 

by: 

 mF mT

1 2

2o o

g g
f

C C
 = = ,  (11) 

 1

2

1 
=  
 

mF mT

mS

g g C
Q

g C
.  (12) 
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Fig. 10. Single DDTA-based TISO universal biquadratic filter 

configuration. 

These results indicate that the filter parameter o can 

be electronically adjusted using gmF and gmT, while the Q 

factor can be independently controlled through gmS 

without disturbing o. This capability for orthogonal 

tuning is a highly desirable feature in practical filter 

design.   

By appropriate selection of the input voltages vi1, vi2, 

and vi3, the suggested TISO filter can achieve all five 

standard biquadratic filter functions, i.e., Lowpass (LP), 

Bandpass (BP), Highpass (HP), Bandstop (BS), and 

Allpass (AP), at a single output terminal vout. The specific 

input conditions required for each response are 

summarized in Table III. 

To validate analysis, the realized filter shown in  

Fig. 10 was simulated using the proposed DDTA with gm 

= gmF = gmS = gmT = 1 mA/V (corresponding to IB = 100 

A) and C1 = C2 = 100 pF. These parameters yield a 

theoretical natural angular frequency of fo = 1.59 MHz 

with Q = 1. The maximum power consumption of the 

suggested TISO filter was found to be 3.09 mW. Fig. 11 

shows the simulated gain-frequency responses for the LP, 

BP, HP, and BS configurations. All responses closely 

follow the ideal characteristics, with a simulated fo of 

approximately 1.57 MHz. The small deviation from the 
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expected value is attributed mainly to parasitic 

impedances and nonideal transconductance behavior at 

high frequencies. The results confirm that the proposed 

filter achieves accurate pole placement and correct 

frequency selectivity using a single DDTA. 

TABLE III: INPUT VOLTAGE SELECTION FOR EACH FILTER TYPE 

CONFIGURATION 

Filter 

type 
vi1 vi2 vi3 

Matching 

condition 

Transfer function, 

out in( ) ( )V s V s  

LP 0 0 vin no 
mF mT 1 2( ) ( )

( )

g g C C

D s

 

BP 0 vin 0 no 
( )mT 1

( )

g C s

D s
−  

HP vin vin 0 no 
2 ( )s D s  

BS vin vin vin 
gmS = gmT,  

C1 = C2 

2

mF mT 1 2( ) ( )

( )

s g g C C

D s

+  

AP vin 2vin vin 
gmS = gmT,  
C1 = C2 

2 mS mF mT

2 1 2

( )

g g g
s

C C C

D s

   
− +   
     

Note: vin = input voltage signal, 0 = ground potential. 
 

The AP response is depicted in Fig. 12. As expected, 

the gain response remains nearly constant over the 

frequency range of interest, while the phase response 

exhibits the desired frequency-dependent variation. The 

simulated phase transition aligns closely with the 

theoretical predictions, indicating the suitability of the 

proposed topology for phase-sensitive applications such 

as phase equalization and signal alignment. 
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Fig. 11. Simulated gain responses of the LP, BP, HP, and BS filter 

outputs. 
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Fig. 12. Simulated frequency responses of the AP filter output. 
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Fig. 13. Time-domain responses of the LP, BP, and HP filter outputs. 

In Fig. 13, time-domain verification is presented, 

where a 50-mV sinusoidal input signal at 1.59 MHz is 

applied to the LP, BP, and HP filters. The output 

waveforms exhibit stable sinusoidal behavior without 

observed distortion or clipping, confirming linear 

operation within the intended signal range. 

B. Single DDTA-Based Dual-Mode Quadrature 

Oscillator 

As a second illustrative application, a compact dual-

mode quadrature oscillator based on utilizing a single 

DDTA and only two grounded capacitors is shown in  

Fig. 14. Owing to its minimal component count and 

absence of resistors, the proposed topology is well suited 

for IC implementation. The configuration simultaneously 

generates both voltage and current outputs, thereby both 

voltage and current-mode signal processing within a 

unified structure. By routine circuit analysis, the 

characteristic equation of the oscillator can be derived as: 

 2 mS mF mF mT

1 1 2

0
g g g g

s s
C C C

   −
+ + =   
   

, (13) 

from which the condition for oscillation (CO) is obtained 

as: 

 gmS = gmF. (14) 

The angular frequency of oscillation is defined as:  

 mF mT
osc osc

1 2

2
g g

f
C C

 = = . (15) 

These relations indicate that the CO can be tuned via 

control transconductance gmS (adjusting IBS), while osc is 

independently adjusted through gmF and gmT. This 

orthogonal tunability offers clear design flexibility.   
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Fig. 14. Single DDTA-based dual-mode quadrature oscillator.  

Furthermore, the relationships between the quadrature 

voltage and current outputs are described by: 
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 osc2 mT

osc1 2

( )

( )

V s g

V s sC
= , (16) 

 osc2 mT

osc1 1

( )

( )

I s g

I s sC
= , (17) 

which confirm the theoretical phase difference of 90° 

between the corresponding output signals. 

For verification, the oscillator circuit in Fig. 14 was 

designed with parameters gm = 1 mA/V and C1 = C2 = 

100 pF, yielding a designed oscillation frequency of fosc = 

1.59 MHz. The simulated time-domain waveforms during 

the transient state for both quadrature voltage and current 

outputs are shown in Fig. 15. The waveforms exhibit 

stable oscillatory behavior with steady-state operation 

established within approximately 45 s, confirming 

reliable startup under the derived oscillation condition. 

The steady-state waveforms given in Fig. 16 reveal 

sinusoidal outputs with an oscillation frequency of about 

fosc = 1.60 MHz, which closely matches the theoretical 

prediction. The measured phase differences are 

approximately 92° for the voltage outputs and 88° for the 

current outputs, reflecting phase errors of less than 2.30%. 

These small deviations are mainly attributed to device 

nonidealities and parasitic capacitances. The observed 

phase errors can be further reduced through careful 

device matching, symmetric layout techniques, and fine 

bias-current tuning, which help mitigate mismatch and 

parasitic effects. 
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(a)                                                                                                                 (b) 

Fig. 15. Transient waveforms for quadrature outputs: (a) voltage-mode operation; (b) current-mode operation. 
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(a)                                                                                                                 (b) 

Fig. 16. Steady-state waveforms of quadrature outputs: (a) voltage-mode operation; (b) current-mode operation. 

vosc1

vosc2

Frequency (MHz)

0 5 10 15 20 25 30

V
o

lt
ag

e
 (

m
V

)

100

1

0.01

10

0.1

  Frequency (MHz)

0 5 10 15 20

C
u

rr
e
n

t 
(

A
)

1000

1

10

0.1

100

0.01

0.001

iosc1

iosc2

 
(a)                                                                                                              (b) 

Fig. 17. Frequency spectra of quadrature outputs: (a) voltage-mode operation; (b) current-mode operation. 

International Journal of Electrical and Electronic Engineering and Telecommunications Vol. 15, No. 2, 2026

113



vosc1 (mV)
-100 -50 0 50 100

v o
sc

2
 (

m
V

)

100

50

0

-50

-100

           iosc1 (A)
-100 -50 0 50 100

i o
sc

2
 (


A
)

100

50

0

-50

-100

 
(a)                                                                                               (b) 

Fig. 18. Lissajous plots demonstrating quadrature phase relationship: (a) voltage-mode operation; (b) current-mode operation. 

Fig. 17 displays the corresponding frequency spectra 

of the quadrature outputs. The dominant spectra 

components occur at the oscillation frequency, while 

higher-order harmonics are significantly suppressed. The 

Total Harmonic Distortion (THD) is approximately 

0.96% for the voltage-mode outputs and 2.31% for the 

current-mode outputs, indicating good spectra purity 

suitable for practical quadrature signal generation. 

Finally, the quadrature relationship is further validated 

by the Lissajous plots depicted in Fig. 18. The nearly 

circular trajectories observed for both VM and CM 

outputs verify the close-to-ideal 90° phase shift and 

amplitude balance; thereby validating the correct 

quadrature operation of the proposed oscillator. 

V. CONCLUSION 

This paper presents the design and implementation of a 

novel active building block termed the Differential 

Difference Transconductance Amplifier (DDTA). The 

proposed DDTA combines the functional features of the 

Differential Difference Amplifier (DDA) and the 

Operational Transconductance Amplifier (OTA) to 

provide multiple differential voltage inputs and 

electronically tunable transconductance outputs within a 

compact and symmetrical structure. The use of 

independent bias currents enables precise electronic 

tuning of all transconductance stages, thereby offering 

enhanced flexibility for a wide range of analog signal-

processing applications. 

Comprehensive DC, AC, and impedance simulations 

have confirmed the theoretical performance of the 

proposed DDTA. The device exhibits wide linear input 

voltage ranges, accurate voltage-to-current conversion, 

and a transconductance that remains nearly constant up to 

30 MHz, demonstrating wideband capability. In addition, 

the DDTA achieves extremely high input resistance in the 

giga-ohm and mega-ohm ranges and high output 

resistances at both the z- and x-terminals over a broad 

frequency range, which are direct consequences of the 

cascode-enhanced transconductance and current-mirror 

architectures. These high impedances significantly reduce 

loading effects, improve signal isolation between stages, 

and ensure high accuracy in current-mode signal 

transmission. 

The effectiveness of the proposed DDTA has been 

further validated by realizing a single-DDTA voltage-

mode universal biquadratic filter and a dual-mode 

quadrature oscillator, both of which utilize only two 

capacitors. The close agreement between theoretical 

predictions and PSPICE simulation results confirms the 

validity, robustness, and practical feasibility of the 

proposed DDTA as a versatile active building block for 

modern low-voltage analog IC designs. As a direction for 

future work, the proposed DDTA can be further 

developed toward ultra-low-voltage and low-power 

realizations by utilizing inverter-based or bulk-driven 

CMOS techniques. In addition, exploring fully 

differential DDTA architectures may improve noise 

immunity, dynamic range, and robustness against process 

variations. To validate the practical feasibility and 

performance of the proposed DDTA-based circuits, 

experimental confirmation through IC fabrication and 

measurement is also planned. 

CONFLICT OF INTEREST 

The authors declare no conflict of interest. 

AUTHOR CONTRIBUTIONS 

O. Channumsin, P. Yaruan, and W. Tangsrirat 

contributed the conceptual framework for the circuit idea. 

O. Channumsin gathered all the necessary information. P. 

Yaruan conducted an audit and reported on pertinent 

research articles. O. Channumsin, P. Yaruan, and W. 

Tangsrirat performed simulations, finalized the research, 

and authored this manuscript. W. Tangsrirat provided 

guidance and supervision throughout the research process 

and analysis. All authors reviewed and approved the final 

version of the manuscript. 

FUNDING 

This research project is supported by Rajamangala 

University of Technology Isan, Contract No. ENG 9/69. 

ACKNOWLEDGMENT 

The corresponding author expresses gratitude for the 

support and resources provided by the School of 

International Journal of Electrical and Electronic Engineering and Telecommunications Vol. 15, No. 2, 2026

114



Engineering at King Mongkut’s Institute of Technology 

Ladkrabang, which contributed to the completion of this 

work.   

REFERENCES 

[1] M. Kumngern, F. Khateb, and T. Kulej, “Shadow filters using 

multiple-input differential difference transconductance 

amplifiers,” Sensors, vol. 23, no. 3, 1526, Jan. 2023. 
[2] F. Khateb, M. Kumngern, T. Kulej, and R. K. Kumar, “0.5-V 

multiple-input multiple-output differential difference 
transconductance amplifier and its applications to shadow filter 

and oscillator,” IEEE Access, vol. 11, pp. 31212–31227, 2023. 

[3] O. S. Silva, J. P. Oliveira, and N. Martins, “A fully differential 
difference transconductance amplifier topology based on CMOS 

inverters,” Electronics, vol. 12, no. 4, 963, Feb. 2023. 
[4] A. K. Kumar and T. Sharan, “Bulk cum QFG-driven FVF double 

recycling current mirror subthreshold OTA based CCII+ cell and 

applications,” Int. J. Electr. Electron. Eng. Telecom., vol. 13, no. 6, 
pp. 467–477, Nov. 2024. 

[5] M. Kumngern, F. Khateb, and T. Kulej, “Low-voltage low-power 
differential difference current conveyor transconductance 

amplifier and its application to a versatile analog filter,” IEEE 

Access, vol. 12, pp. 92523–92535, 2024. 
[6] A. Sedra and K. C. Smith, “A second generation current conveyor 

and its applications,” IEEE Trans. on Circuit Theory, vol. 17, pp. 
132–134, Feb. 1970. 

[7] R. L. Geiger and E. Sanchez-Sinencio, “Active filter design using 

operational transconductance amplifiers: A tutorial,” IEEE 
Circuits and Devices Magazine, vol. 1, pp. 20–32, Mar. 1985. 

[8] E. Sackinger and W. Guggenbuhl, “A versatile building block: 
The CMOS differential difference amplifier,” IEEE Journal of 

Solid-State Circuits, vol. 22, no. 2, pp. 287–294, Apr. 1987. 

 

  
  

      

   
 

    
 

 
    

 
   

 

  

    
           

 

 

 

 
[16] N. Roongmuanpha, N. Likhitkitwoerakul, M. Fukuhara, W. 

Tangsrirat, “Single VDGA-based mixed-mode electronically 
tunable first-order universal filter,” Sensors, vol. 23, no. 5, 2759, 

Mar. 2023.  

[17] O. Channumsin, J. Tangjit, T. Pukkalanun, and W. Tangsrirat, 
“VDGA-based resistorless mixed-mode universal filter and dual-

mode quadrature oscillator,” Appl. Sci., vol. 15, no. 10, 5594, May 

2025. 

[18] H. Yan, “Difference transconductance amplifiers and their 

applications,” Appl. Comput. Eng., vol. 135, pp. 132–139, Feb. 
2025. 

[19] M. Kumngern, F. Khateb, T. Kulej, and D. Arbet, “A 42.5-nW, 
0.5-V differential difference transconductance amplifier and its 

application in low-power universal shadow filter,” IEEE Access, 

vol. 13, pp. 148878–148892, 2025. 
[20] P. Rana and A. Ranjan, “Odd- and even-order electronically 

controlled wave active filter employing differential difference 

transconductance amplifier (DDTA),” Int. J. Electron., vol. 108, 

no. 10, pp. 1623–1651, Oct. 2021. 
[21] J. Satansup, T. Pukkalanun, W. Tangsrirat, “Differential 

Difference Gain Amplifier (DDGA) and its applications,” 
Engineering Letters, vol. 33, no. 7, pp. 2742–2748, July 2025. 

[22] N. Roongmuanpha, J. Tangjit, M. Faseehuddin, W. Tangsrirat, T. 

Pukkalanun, “All-grounded passive component mixed-mode 
multifunction biquadratic filter and dual-mode quadrature 

oscillator employing a single active element,” Technologies, vol. 
13, no. 9, 393, Sep. 2025. 

[23] A. F. Arbel, L. Goldminz, “Output stage for current-mode 

feedback amplifiers, theory and applications,” Analog Integr. 
Circuits Signal Process., vol. 2, pp. 243–255, Sep. 1992. 

 
Copyright © 2026 by the authors. This is an open access article 

distributed under the Creative Commons Attribution License (CC BY 

4.0), which permits use, distribution and reproduction in any medium, 
provided that the article is properly cited, the use is non-commercial and 

no modifications or adaptations are made. 
 

Orapin Channumsin received the B.Eng. 

degree in electronics engineering, from 
Faculty of Engineering, Mahanakorn 

University of Technology (MUT), Bangkok, 
Thailand, in 2005, M.Eng. degree in Control 

engineering and D.Eng. degree in electrical 

engineering both from Faculty of 
Engineering, King Mongkut’s Institute of 

Technology Ladkrabang (KMITL), Bangkok, 
Thailand, in 2010 and 2013, respectively. 

Presently, she is an assistant professor in the Department of Electronics 

and Telecommunication Engineering at Faculty of Engineering, 
Rajamangala University of Technology Isan (RMUTI), Khonkaen 

Campus, Khonkaen, Thailand. Her topic interests lie in the field of 
analog and mixed-signal integrated circuit design, active analog filter 

and oscillator designs. 

 
Panurut Yaruan obtained his B.Eng. 

degree in mechatronics engineering from 
Pathumwan Institute of Technology (PIT) in 

Bangkok, Thailand, in 2012, followed by an 

M.Eng. degree in control engineering from 
King Mongkut’s Institute of Technology 

Ladkrabang (KMITL) in 2017. He is 
currently pursuing a D.Eng. degree at 

KMITL. Since 2018, he has been a member 

of the Department of Mechatronics within 
the Faculty of Engineering at PIT, where he also serves as an assistant 

professor. His research interests include analog signal processing, 
integrated circuits, active filters, and oscillator design. 

 

Worapong Tangsrirat received the 
B.Ind.Tech. degree (honors) in electronics 

engineering and M.Eng. and D.Eng. degrees 
in electrical engineering, all from the 

Faculty of Engineering, King Mongkut’s 

Institute of Technology Ladkrabang 
(KMITL), Bangkok, Thailand, in 1991, 

1997, and 2003, respectively. Since 1995, he 
has been a faculty member at KMITL, 

where he is currently a full professor in 

electrical engineering in the Department of 
Instrumentation and Control Engineering. His research interests are 

primarily in the areas of analog signal processing and integrated circuits, 
current-mode circuits, active filter and oscillator design, electronic 

instrumentation and control systems, and chaotic synchronization and 

control. He has edited or written 15 books and has published more than 
150 research articles in many peer-reviewed international journals. 

Professor Tangsrirat has accomplished a noteworthy milestone by 
consistently ranking in the “Top 2% List of the World’s Scientists”, 

both in terms of research impact for the career-long achievement and 

the most recent single year 2024. 

 

International Journal of Electrical and Electronic Engineering and Telecommunications Vol. 15, No. 2, 2026

115

[9] W. Chiu, S. I. Liu, H. W. Tsao and J. J. Chen, “CMOS differential 
difference current conveyors and their applications,” IEE Proc. 

Circuits Devices Syst., vol. 143, pp. 91–96, Apr. 1996.
[10] A. Raj, R. Senani, and D. R. Bhaskar, “Single‐differential

difference current conveyor‐based first‐order VM/TAM universal

filter and its applications,” Int. J. Numer. Model. Electron. Netw. 
Device. Field., vol. 37, no.8, pp. 91–96, Nov. 2023.

[11] W. Petchmaneelumka, A. Rerkratn, S. Tammaruckwattana, and A. 
Kaewpoonsuk, “Resistive-sensor interfacing circuit for remote 

measurement using CFOA,” Int. J. Electr. Electron. Eng. Telecom., 

vol. 13, no. 5, pp. 381–388, Sep. 2024.
[12] N. Roongmuanpha, J. Satansup, T. Pukkalanun, W. Tangsrirat, 

“Design of mixed-mode analog PID controller with CFOAs,”
Sensors, vol. 24, no. 10, 3125, May 2024.

[13] W. Tangsrirat, “Voltage differencing transconductance amplifier-

based quadrature oscillator and biquadratic filter realization with 

all grounded passive elements,” J. Commun. Technol. Electron.,

vol. 63, no. 12, pp. 1418–1423, Dec. 2018.
[14] N. Raj, S. Dutta, R. K. Ranjan, P. K. Das, D. K. Singh, and H.

Kuntman,, “VDTA based transadmittance mode instrumentation 

amplifier with experimental results,” Int. J. Electron., vol. 112, no. 
10, pp. 2194–2211, 2025. 

[15] J. Satansup and W. Tangsrirat, “CMOS realization of Voltage 
Differencing Gain Amplifier (VDGA) and its application to 

biquad filter,” Indian Journal of Engineering and Materials 

Sciences, vol. 20, no. 6, pp. 457–464, Dec. 2013.

https://www.tandfonline.com/author/Raj%2C+Niranjan
https://www.tandfonline.com/author/Dutta%2C+Somenath
https://www.tandfonline.com/author/Ranjan%2C+Rajeev+Kumar
https://www.tandfonline.com/author/Das%2C+Pankaj+Kumar
https://www.tandfonline.com/author/Singh%2C+Dharmendra+Kumar
https://www.tandfonline.com/author/Kuntman%2C+Hakan
https://www.tandfonline.com/author/Kuntman%2C+Hakan
https://www.worldscientific.com/worldscinet/jcsc
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	IJEETC-V15N2-107



